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MODULAR IMAGING AGENTS
CONTAINING AMINO ACIDS AND
PEPTIDES

CROSS REFERENC.

L1l

This application claims the benefit of the filing date of
U.S. Provisional Patent Application Ser. No. 61/861,214,

filed Aug. 1, 2013, which 1s hereby incorporated by refer-
ence 1n 1its entirety.

FIELD

This imnvention relates to modular 1imaging agents contain-
ing amino acids and peptides and methods of synthesizing
such agents. In particular, this invention relates to modular
imaging agents containing amino acids and peptides, tar-
geted agents thereof and methods of synthesizing such
agents and targeted agents thereof.

BACKGROUND

Early detection of diseased cells by molecular imaging 1s
viewed as the best hope by many in treating cancer and other
diseases. By using agents that attach selectively to diseased
cells, the ability to 1image disease states at the cellular level
1s further enhanced. This aflinity may be achieved through
the use of targeting agents which seek receptors or biomark-
ers 1n diseased cells. As a result of these advances there has
been a significant acceleration of research, leading to an
increased need for safe and eflective targeted molecular
imaging agents (IMIAs) for MRI, PET, SPECT, PAI and
NIR fluorescence imaging and combinations of those. Dual
modal TMIAs can include agents for MRI-PET, MRI-FLA,
and MRI-PAI. Tri-modal agents may also be combined 1n
one agent.

In conventional imaging agent synthesis, one in which a
metal 1s incorporated 1into DOTA or related chelating groups
like DTPA, DO3A, TE2A. NOTA, CB-TETA, a metal such
as Gd (for MRI) or radioactive metals such as Tc, In, Ga and
Cu (for PET or SPECT) are typically iserted during the
final steps of a synthesis, regardless of whether the agent 1s
a peptide, protein, antibody, nanobody, or large assembly
such as a dendrimers, polymers, nanoparticles, or small
molecules. It 1s most common 1n a multi-step synthesis to
bring 1n a DOTA or D'TPA, for example, in the second to last
step and introduce Gd or the radioactive metal as the last
step. This 1s because DOTA contains four amines and four
acids which are problematic 1n chemical reactions like
peptide coupling.

In the synthesis of imaging agents a common solution 1s
to bring a t-butyl ester protected form of DOTA and to carry
this fully protected chelating group through the synthesis.
An example 1s the elaboration of peptide based imaging
agents utilizing a tri-t-butyl ester of DOTA on the side chain
of lysine as a starting material (Leun-Rodriguez, et al). Fully
protected DOTA precursors are commercially available con-
taining t-butyl esters on the mult1 acid groups. There are no
commercially available alternative protecting groups apart
from this form. The removal of t-butyl groups requires
strong acids like TFA, and many peptides, proteins, anti-
bodies, and other groups on imaging agents such as dyes,
and 1n particular many NIR dyes, may not be stable to such
harsh conditions.

Another method of introducing DOTA, DTPA and other
groups 1s to react an activated form of the unprotected
chelating ligand (NHS ester or 1sothiocyanate are examples)
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2

directly, followed by insertion of the metal, such as Gd. Very
tew chemical steps such as coupling or conjugation of
additional targeting groups or imaging agents can occur in
the presence of the unprotected, non-chelated DOTA
because the acids are reactive. In addition, 1t 1s diflicult to
purily intermediates containing the multiple unprotected
acid and amine groups.

These restrictions severely limit the way in which DOTA
and metal-DOTA complexes for MRI and radioactive metals
for PE'T can be incorporated into new imaging agents. It
would therefore be very useful to have an alternative way to
add chelating groups containing metals, to allow practical
synthetic approaches to new types of imaging agents.

There are few methods of combining various dyes for use
in NIRF or PAI imaging in a straightforward and easily
applicable manner. Likewise, there are few generally appli-
cable methods for combiming dyes and metal-chelating
complexes into the same 1imaging agent while also providing
a method for conjugating targeting groups as a final step.

It would be therefore useful to provide routes to a wide
variety of targeted molecular imaging agents (I1MIAs) by
providing imaging agents comprised ol pre-formed dyes and
metal chelates, either alone or 1n combination, 1n a form that
could be attached or conjugated to any targeting agent
containing a reactive amine, sulfide or carboxylic acid by
direct conjugation or by means of a well-established linker.

SUMMARY

In accordance with one aspect of the present 1invention,
there 1s provided a process for synthesizing a targeted
imaging agent including providing a) an amino acid imaging
agent having a protected or free acid and a protected or free
amine or b) multiple amino acid 1maging agents in a peptide
chain having a protected or free acid and a protected or free
amine; and coupling the a) amino acid imaging agent or b)
multiple amino acid imaging agents in a peptide chain to a
targeting agent having a free amine, sulfur, or free acid, or
¢) multiple a) amino acid imaging agents or multiple b)
multiple amino acid imaging agents to a targeting agent
having multiple free amines, sulfurs, or free acids, n a
manner to provide a targeted 1maging agent.

A process for synthesizing a targeted imaging agent
including providing a) an amino acid imaging agent having
a protected or free acid and a protected or free amine or b)
multiple amino acid imaging agents 1n a peptide chain
having a protected or iree acid and a protected or free amine;
and coupling the a) amino acid imaging agent or b) multiple
amino acid imaging agents in a peptide chain to a targeting
agent having a free amine, sulfur, or free acid, in a manner
to provide a targeted 1maging agent.

In accordance with another aspect of the present imnven-
tion, there 1s provided a process for synthesizing an imaging
peptide or imaging agent from a plurality of modular amino
acids each having a side chain containing an imaging agent,
including deprotecting an amine or an acid of a first modular
amino acid having a side chain containing an imaging agent;
and coupling the deprotected amine of the first modular
amino acid to an acid of a second modular amino acid
having a side chain containing an imaging agent, or coupling
the deprotected acid of the first modular amino acid having
a side chain containing an 1maging agent to an amine of the
second modular amino acid having a side chain containing
an 1maging agent.
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These and other aspects of the present invention will
become apparent upon a review of the following detailed
description and the claims appended thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a confocal fluorescence microscopy 1mage of
Compound (44) after 2 hour’s incubation with live A549
cells:

FIG. 2 15 a graph of NMR T1 relaxation times of selected
compounds and a standard (Gd-DOTA) from the method 1n
Hornak, et al;

FIG. 3 1s amass spectra of Compound (29) (di-Gd 1sotope
pattern);

FIG. 4 1s a mass spectra of Compound (40) (mono-Gd
1sotope pattern);

FIG. 5 1s a mass spectra of Compound (44) ES:M/2
(mono-Gd 1sotope pattern);

FIG. 6 1s a mass spectra of the partial exchange of Certum
to Copper in Compound (11) to Compound (12); and

FIG. 7 1s a mass spectra of the full exchange of Cerium
to Copper in Compound (11) to Compound (12)(same

solution vial as FIG. 6), as a model for exchange of Ce to
radioactive Cu 1n a TMIA.

DETAILED DESCRIPTION

The present invention relates to agents of the broadest
utility derived from coupling together pre-formed 1imaging
amino acids contaiming imaging agents on their sides chains
to provide pre-formed multi-modal, multi-chelating metal,
multi-dye 1maging agents, or combinations of these, that
may be activated or attached to linkers to which targeting
groups, such as peptides, proteins, antibodies, aptamers, or
small molecule inhibitors, may be conjugated 1n the final
steps of the synthesis to form a wide variety of TMIAs.

Targeting agents and targeting molecular imaging agents
include peptides, proteins, antibodies, nanobodies, aptam-
ers, small molecules or other targeting agents which bind to,
or seek, receptors or biomarkers unique to diseased cells,
such as many types of cancer cells, cells present 1n athero-
sclerosis, or many brain diseases, as set forth i: (a)
Weissleder, R. “Molecular imaging in cancer”, Science,
2006, 312, 5777: 1168-1171; (b) Weissleder, R. Mahmood,
U., “Molecular Imaging”, Radiology, 2010, 219: 316-333;
(c) Lee, S., Xie, I., and Chen, X.; “Peptide-based probes for
targeted molecular 1maging”, Biochemistry, 2010, 49 (7):
1364-1376; and (d) James, Michelle L., Gambhir, Sanjiv S.,
A Molecular Imaging Primer: Modalities, Imaging Agents,
and Applications, Physiological Reviews, 2012; 92; 897-
965, which are incorporated herein in their entirety. These
targeting agents may be conjugated to 1maging agents to
yield the targeted molecular imaging agents, or TMIAs. As
shown 1n the synthesis schemes below, a single or multi-
modal targeted i1maging agent containing metal-chelate
complexes and/or dyes can be formed by a modular synthe-
s1s coupling together amino acids containing 1maging moi-
cties on their side chains. By using agents that attach
selectively to diseased cells, the ability to image disease
states at the cellular level 1s further enhanced. This aflinity
may be achieved through the use of targeting agents which
seek receptors or biomarkers 1n diseased cells. As a result of
these advances there has been a significant acceleration of
research, leading to an increased need for safe and eflective
targeted molecular imaging agents (TMIAs) for MRI, PET,
SPECT, PAI and NIR fluorescence imaging and combina-
tions of those.
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An “amino acid imaging agent” refers to one amino acid
in which the side chain has been modified by conjugation to
an 1maging agent of the types described herein. The term
“multiple amino acid imaging agent” refers to a peptide,
such as a di-peptide, tri-peptide or longer peptide 1n which
the side chains are similarly modified by conjugation to
imaging agents. The latter “multiple amino acid imaging
agent” could be prepared from the former “amino acid
imaging agent”, or starting with one amino acid imaging
agent could be prepared by alternate methods.

An 1llustration of the modular synthesis of a TMIA, where
cach pre-formed amino acid module can be individually
linked to the targeting group or coupled together to form an
imaging peptide and then linked to a targeting group 1is
shown 1n Scheme 1. The approach 1s based on peptide
coupling of modules and, 1n the peptide convention, the
synthetic steps are shown right to left with the final product
on the far right. In this case a step can involve a coupling
step or a deprotection followed by a coupling step. In this
manner, a targeting group containing one or more amine,
sulfide or carboxylic acid groups can be conjugated to one
or more 1maging amino acids, dipeptide or larger peptides
where each peptide can contain multiple imaging amino acid
modules. The imaging groups on side chains can be single

or multiple metal-chelate complexes, single or multiple
dyes, or mixtures ol complexes and dyes.

Scheme 1: modular synthesis of a dual modal TMIA:

(ﬁu‘geting Group step 2
or NP i Linker '
Xm step 3
O
tep 1
FIIlDG/ : OH P

z +
SNm

N
(
NH,
H,N
O
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-continued

Targeting Group
or NP

X =NH,, SH, CO»
Y =H, or S5 or Pep
n=1-10
m=1->100
p=1-20

Scheme 2: modular synthesis of a multi-metal-chelate

TMIA as shown below:

Targeting Group
or NP

Xm step 3

Metal - Chelate

NH

1

N\)I\ NH—Y
N
0

step 2

4+ Linker 4

O
%Q‘\
tep 1
FIIlDG/ Y OH P

N

NH
Metal - Chelate

Metal - Chelate
N
(
NH>
H>N
O

Targeting Group
or NP

O

X =NH,, SH, CO»
Y =H, or 85 or Pep
n=1-10
m=1->100
p=1-20

NH
0
H H
X-Linker N NH—Y
\”,6 X p
3 O
( \)% NH
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Scheme 3: modular synthesis of a multi-dye TMIA as
shown below:

step 2
Targeting Group .
or NP + Linker  +
step 3
O

H

e N\/“\ ep
Fmoc " OH +
S\m

H,N

Targeting Group ‘
‘ O
H
X-Linker N\)I\ NH—Y
N
H

X =NH,, SH, CO,
Y =H, or 85 or Pep
n=1-10

m = 1->100
p=1-20

Scheme 4 illustrates the synthesis of a single amino acid
TMIA as shown below. This could be applicable to the
amino acid 1maging agent contaimmng a NIR dye (not
shown).

(ﬂl‘geting Group step 1
or NP i Linker "

Xm step 2

Metal - Chelate

N

(. o

NH,
H,N



X =NH,, SH, CO»
Y =H, or 85 or Pep
n=1-10
m=1->100

Scheme 35 1llustrates the synthesis of a single amino acid
TMIA by direct conjugation with no linker. This 1s appli-

7

-continued

Targeting Group NH
or NP jl)\ ( y
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Metal - Chelate

cable to any of the approaches 1n Schemes 1-4 as well.

Targeting Group
or NP N

|

XIn

()

1
N
5 A/ ~ R
B C
3
R, 0O :
10 (ID)
|
N
A~ DR,
15 B )\
x}f R,
R> or
(I1T)
D
20 I"\T
A~ R,
C
R34
25 O
wherein:

A 1s (CH,),, wheremn n 1s 1-10;
30 B 1s a moiety selected from H, Fmoc, Cbz, Boc, Mtt, Alloc,

X =NH,, SH, CO»
Y =H, or 85 or Pep
n=1-10
m=1->100

Metal - Chelate

Targeting Gmup
or NP

X

step 1

amine functionalized sites.

@Eﬂ Ch@

u\ﬂr

In addition, in each of the examples of Schemes 1-5 1t 1s
clear that the targeting groups could be conjugated, via

linkers or direct coupling, to multiple 1maging agents as
denoted by m above. An example of this 1s proteins or

antibodies which may have multiple free amines and sul-
fides, or nanoparticles which may similarly have multiple
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a peptide chain, or a linker selected from SMCC, sulfo-
SMCC, DSS, Su, G, Ad, or a targeting moiety selected
from a targeting peptide, protein, antibody, nanobody,
aptamer, or small molecule by attachment through one or
more amines, sulfides, or carboxylic acids on the targeting
group attached to a linker or attached directly to the alpha
nitrogen, N, adjacent to B;

C 1s a moiety selected from OH, OBn, OPMB, OR., an

activated acid, such as an NHS ester, OBt ester, TFP ester,
1socyante and 1sothiocyanate, a peptide chain, or linker,
such as a preformed DSS or SMCC, or a targeting moiety
selected from a targeting peptide, protein, antibody, nano-
body, aptamer, or small molecule by attachment through
one or more amines, sulfides, or carboxylic acids on the
targeting group attached to a linker or attached directly to

the carbonyl C; D 1s a moiety selected from a dye,
including NIR and NIRF dyes selected from Cy3.5, Cy7

and other Cy dyes, Alexafluor 680, Alexafluor 750 and
other Alexatluor dyes, IRROOCW and related NIR dyes,
Dylight 680, Dylite 750, Dylite 800 and other Dylite dyes,
quencher dyes, and sensitizing dyes, metal-chelate com-
plexes selected from chelating groups DOTA, DTPA,
NOTA, TETA, NOTA, TACN, CB-TE2A, Cyclen,
DO2A, DO3A, DOT, DOTAM, CB-Cyclam that have
been chelated to metals selected from Gd, Fu, Ce, Cu, Tt,
(Ga, Ge, In, Ho, Tm 1n their non-radioactive and radioac-
tive forms; or the metal chelate groups selected from these
chelating and metal groups conjugated via a linker such as
an amide bond, an acetamide bond, or that derived from
an activated acid attached to the chelating group via an
NHS ester, 1socyanate, 1sothiocyanate, or other activated
acid, or chelating groups selected from this group or
groups contained within DO3A (DOTAla) and other

derivatives of Cyclen;

Compounds (I), (II), and (III) shown below illustrate
amino acid modules useful for synthesis of molecular imag-
ing agents. Each amino acid can be composed as follows:

65 R, ISI—
R 1s |
R, 1s ,ZL

CH
, CH

CH

5, or CH,CH;;
4, or CH,CH;;
4, or CH,CH;;
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R, 1s H, CH;, or CH,CH,; and
R. 1s H, CH,, or CH,CH,.
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Compounds (IV) and (V) shown below illustrate amino

10

nate, 1sothiocyanate, or other activated acid, or chelating
groups selected from this group or groups contained

within DO3A (DOTAIla) and other derivatives of Cyclen;

acid modules useful for synthesis of molecular 1maging

R, and R,' are independently H, CH;, or CH,CH;;

agents. A further description of a di-peptide formed from the °

aforementioned amino acids module and combination of

modules follows. Each amino acid module can be composed

more amines, sulfides, or carboxylic acids on the targeting
group attached to a linker or attached directly to the alpha
nitrogen, N, adjacent to B;

C 1s a moiety selected from OH, OBn, OPMB, OR., an

activated acid, such as an NHS ester, OBT ester, TFP
ester, 1socyanate and 1sothiocyanate, a peptide chain, or
linker, such as a preformed DSS or SMCC, or a targeting,
moiety selected from a targeting peptide, protein, anti-
body, nanobody, aptamer, or small molecule by attach-
ment through one or more amines, sulfides, or carboxylic
acids on the targeting group attached to a linker or
attached directly to the carbonyl C;

D and D' are independently dyes including NIR and NIRF

dyes selected from Cy3.5, Cy7 and other Cy dyes, Alex-

45

50

R, and R,' are independently H, C
R; 1s H, CH;, or CH,CH;;
R, 1s H, CH,, or CH,CH,; and

1,, or CH,CH;;

as follows: R; 1s H, CH,, or CH,CHj;;
Compounds (V1) and (VII) shown below illustrate amino
10 . : : :
acid modules useful for synthesis of molecular 1imaging
5 (IV) agents. A further description of peptides greater than di-
| peptides formed from the atorementioned amino acids mod-
NG ule and combination of modules follows. Each amino acid
R2 % " R . module can be composed as tollows:
N C
B N
(VD)
R1’ A R O D" D
\I‘\Tf 2 ‘ ‘
20 ”,
D’ or R1” \A
(V)
D
| # N
N
R2 O &~ R 75 R2" A
J\ Rl*—N
N
Bf N R; D*
| (VID)
/ f DH’
R1 ~\ _A R, ‘ |
‘ 30 N\
Dr 1” A/ R]
wherein: R3
A and A' are independently (CH,),, wherein n 1s 1-10; 15 RO
B 1s a moiety selected from H, Fmoc, Cbhz, Boc, Mtt, Alloc, Rl*—N
a peptide chain, or a linker selected from SMCC, sulio- )
SMCC, DSS, Su, Gl, Ad, or a targeting moiety selected D
from a targeting peptide, protein, antibody, nanobody,
aptamer, or small molecule by attachment through one or 40 Wwherein:

| ], represents a polypeptide chain of variable length;

A, A" and A* are each independently (CH,), , wherein n 1s

1-10, and A* 1s a vanable designation, for example that 1s
analogous to the series A, A', A", A™ m the case of a
tetra-peptide;

B 1s a moiety selected from H, Fmoc, Cbz, Boc, Mitt, Alloc,

a peptide chain, or a linker selected from SMCC, sulfo-
SMCC, DSS, Su, Gl, Ad, or a targeting moiety selected
from a targeting peptide, protein, antibody, nanobody,
aptamer, or small molecule by attachment through one or
more amines, sulfides, or carboxylic acids on the targeting
group attached to a linker or attached directly to the alpha
nitrogen, N, adjacent to B;

afluor 680, Alexafluor 750 and other Alexafluor dyes, 55

activated acid,

such as an N

C 1s a moiety selected from OH, OBn, OPMB, OR., an

HS ester, OB1 ester, TEP

IR800CW and related NIR dyes, Dylight 680, Dylite 750,
Dylite 800 and other Dylite dyes, quencher dyes, and

sensitizing dyes; metal-chelate complexes selected from
chelating groups DOTA, DTPA, NOTA, TETA, NOTA,

TACN, CB-TE2A, Cyclen, DO2A, DO3A, DOT,
DOTAM, CB-Cyclam that have been chelated to metals
selected from Gd, Fu, Ce, Cu, Tc, Ga, Ge, In, Ho, Tm 1n
their non-radioactive and radioactive forms; or the metal
chelate groups selected from these chelating and metal
groups conjugated via a linker such as an amide bond, an
acetamide bond, or that derived from an activated acid
attached to the chelating group via an NHS ester, 1socya-

60

65

ester, 1socyanate and 1sothiocyanate, a peptide chain, or
linker, such as a preformed DSS or SMCC, or a targeting,
moiety selected from a targeting peptide, protein, anti-
body, nanobody, aptamer, or small molecule by attach-
ment through one or more amines, sulfides, or carboxylic
acids on the targeting group attached to a linker or
attached directly to the carbonyl C; D, D" and D* are each
independently dyes including NIR and NIRF dyes
selected from Cy3.5, Cy7 and other Cy dyes, Alexafluor
680, Alexafluor 750 and other Alexatluor dyes, IRSROOCW
and related NIR dyes, Dylight 680, Dylite 750, Dylite 800

and other Dylite dyes, quencher dyes, and sensitizing
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dyes, metal-chelate complexes selected from the chelating
groups DOTA, DTPA, NOTA, TETA, NOTA, TACN,

CB-TE2A, Cyclen, DO2A, DO3A, DOT, DOTAM, CB-
Cyclam that have been pre-chelated to metals selected
from Gd, Eu, Ce, Cu, Tc, Ga, Ge, In, Ho, Tm and other
metals 1n their non-radioactive and radioactive forms; and

D* 1s a variable designation;
R,, R,” and R,* are each independently H, CH,, or
CH,CH,;; and R, * 1s a variable designation;
R,, R,” and R,* are each independently H, CH,, or
CH CH3,J and R * 1s a variable designation;
R; 1s H, CH,, or C{ »CHs;
R 1s H, CH,, or CH,CH;; and
R 1s H, CH;, or CH,CHs;.
Compound (VIII) represents the general structure of a
high-relaxivity agent for MRI where M=Gd or other metal
suttable for MRI contrast and where P, and P, are acid and
amine protecting groups respectively or elaborated peptides
or peptide chains. This 1s a unique ligand metal complex as
the N 1s attached directly to the side chain alpha carbon on
Alanine. The novelty and difference from the reported
approach (Eszter, et al) 1s the introduction of the Gd early 1n
the synthesis, prior to incorporation into a peptide chain and
in turn, prior to conjugation with a targeting agent or
linker-targeting agent system. In this and other cases P1 and
P2 can also designate extensions of a peptide chain, or a
solid support for peptide synthesis, or a targeting agent, or
a linker to any of these including amino acids spacers 1n a
peptide chain.

(VIIT)

O

An embodiment includes the use of various metals such as
gadolimum (Gd) as a protecting group for DOTA or DTPA
in the synthesis of 1maging agents for magnetic resonance
imaging (MRI). This synthesis allows placement of the
metal mnside the chelating agent early in the synthesis and
thereby allows carrying the metal through the synthesis to
avoid the harsh reaction conditions necessary to incorporate
the metal later. In addition to the metal functioning as an
imaging agent, the metal serves as a “chelate protecting
agent” for a wide variety of alorementioned chelating
groups.

Other metals include cerium (Ce), europium (Fu) and
copper (Cu) and other suitable metals. These metals can be
incorporated early 1n the synthesis and then exchanged 1n the
last step for radioactive metals or mixtures of radioactive
and natural 1sotopes. In some cases, mixtures of radioactive
and non-radioactive Cu, In, Tc, are used to provide a suitable
dilution of radiocactivity and a calculated percentage could
be exchanged from mixtures of radioactive and non-radio-
active metals of a like or different element 1n the final step

of the synthesis.
The present invention includes methods of incorporating

metals early 1n the synthesis of imaging agents by incorpo-
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rating metals using pre-formed amino acid side chains.
These metals can be utilized directly as imaging agents, such
as Gd for MRI, or exchanged for different metals, including
radioactive metals for PET or SPECT imaging in the final
steps of the synthesis.

By incorporating pre-formed amino acids, such as lysine
containing Gd-DOTA, 1nto the peptide early 1n the synthesis
1t was found that Gd-DOTA was stable to standard acid, base
and hydrogenation conditions for removal of standard pro-
tecting groups such as Boc, Mtt, Fmoc, Cbz, and Alloc. This
methodology saves numerous steps, reduces the severity of
conditions, and greatly simplifies the complexity of side
chain mampulatlons after a peptide having protected side
chains 1s formed. The reduction of complexity in the syn-
thesis increases with increasing number of Gd-DOTA
groups introduced in the peptide. Other amino acids con-
taining amine side chains can be utilized as well, including
ornithine and B-amino alanine (2,3 amino propionic acid) by
introducing Gd into the reported DO3A (DOTAla) mn an
carlier synthetic step which improves on the reported
method by providing all of the advantages described above.

The utility of this concept has been enhanced by devel-
oping a simplified purification method. When chelating the
four amines and three acid groups in DOTA with a single
metal, such as Gd, the resulting compounds, as their single
amino acid precursors, or as di- and larger peptides were
much more readily purified 1n standard reverse phase liquid
chromatography (LC) and solid phase extraction (SPE)
conditions. In the same way that DOTA behaved as
chelate-protecting agent 1in synthesis, DOTA behaves as a
chelate-protecting agent 1n purification.

The advancement 1n concept 1s to synthesize a pre-formed
NIR dye containing side chains on amino acids such as
readily available lysine residues. The methodology of the
present invention creates peptide based imaging agents by
assembling pre-formed amino acids containing imaging
agents on their side chains 1n an assembly line type fashion,
in a “modular” approach. This brings 1n the actual imaging
agent on the side chain each time a new amino acid 1is
coupled to the peptide backbone, resulting 1n a completed
imaging agent synthesis after the coupling steps. In the case
of MRI, as an example, Gd 1s introduced into a DOTA on the
side chain of the amino acid lysine early in the synthesis.

In the case of radioactive metals for PET or SPECT, we
allow for incorporation of an easily displaced metal and
provide for the radioactive metal by metal exchange or
displacement reactions aiter the peptide based agent 1is
formed. In a further embodiment therefore, a metal
exchange occurs in which a metal with suitable kinetic
and/or thermodynamic dissociation constant 1s exchanged
by suitable manipulation of pH prior to exchange by a
radioactive metal. For example, in the case of a low disso-
ciation constant Ce 1s displaced by Cu, m muildly acidic
medium. Bringing 1n a more stable oxidation state metal,
such as Eu*’, followed by reduction to lower oxidation state
to Eu”* provides facile exchange with radioactive Cu, In, Tc,
(Ga and other radioactive metals used in PET and SPECT.
This method 1s designed to enable the last step, exchange to
radioactive metal, to occur 1n a clinical setting or pre-climical
laboratory location where the testing i1s occurring. This
would minimize, transport and would avoid a time delay
when handling radioactive imaging agents.

In another embodiment, amino acids containing pre-
formed dyes on the side chains are constructed and used as
“modules” 1 peptide coupling reactions. These modules are
stable to a varniety of deprotection and coupling steps. In
some cases the strength of the acid needs to be reduced. For
example, some dyes are stable i 20% TFA and this is
adequate for deprotection of most acid labile groups such as
OtBu esters and Boc groups. In contrast, the t-Butyl groups
on DOTA required harsh 100% TFA due to the close
proximity of ring nitrogen’s to the carboxyl acid site. This
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turther increases the need to remove them early in a syn-
thesis 1n order to provide for a versatile approach to 1maging,
agents. Side chain dyes were also stable to Fmoc deprotec-
tion with a secondary amine, and hydrogenation conditions.
The amino acids containing dyes on their side chains can be

incorporated 1nto the imaging peptide by standard coupling
reagents such as TBTU, HATU, COMU and EDC.

The method of the present invention of assembling a
peptide template containing pre-formed amino acids con-

taining 1maging groups 1s applicable to multi-modal agents

(1.e., MRI-NIR or MRI-PAI) and agents containing multiple
metals (1.e., Multi-Gd agents for MRI). Other examples
include two dyes for use in FRET, either as a system for
detection, or as an 1maging agent, or as a TMIA. It 1s

expected that tri-modal 1imaging agents would also be avail-
able from this method, (1.e., for NIR-MR, PA-MR).

In another aspect, by choosing a combination of metals,
one of which exchanges easily (such as Cerium or Eu™*
with a metal that 1s more stable (such as Gd), the modular
method can be utilized for incorporation of two diflerent
metal groups. Methods include exchange (1.e., from Ce or
Eu to a radioactive metal, such as Cu, Ga or Tc for PET or
SPECT) and direct msertion (Gd for MRI). Thus, 1n accor-
dance with the present invention the creation of mixed
metal, multi-modal agents by the modular method described

to provide molecular 1maging agents for PET-MRI or
SPECT-MRI and tri-modal agents including NIR-PET-MRI,
NIR-SPECT-MRI, PAI-PET-MRI or PAI-SPECT-MRI 1s

provided.

Gly
Asp/ \Arg
\
Phe—Lys

\
C,Hg

NH,

+ SMCC +

Targeting Peptide
c(RGDyK)

Step E

Step C Deprotec Fmoc
Step D Attach a linker
Step E Conjugate Targeting Peptide

Fmoc” OH

Steps C, D

Pre-formed NIRF
imaging module

Fmoc-DLys(Cy5.5)-NH>
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The same approach can be applied to other syntheses of
other small molecules 1n addition to peptides. The present
invention includes the concept of bringing in pre-formed
imaging agents on side chains or linker chains and coupling
them together using standard amine to acid coupling con-
ditions.

This approach also gives the opportumity to assemble and
activate the pre-formed 1maging portion of a peptide scatiold
containing the above systems, and couple or conjugate on a
targeting peptide, protein, antibody, nanobody or aptamer,
RNA or DNA, or small molecule inhibitor targeting system
as the last step, or 1f a radioactive metal 1s required, second
to last step prior to radioactive metal exchange.

Scheme 4, shown below, 1s an illustration of a multi-
modal TMIA available by this synthetic approach. This
portrays an embodiment of assembling modular amino acids
containing 1maging moieties on their side chains followed
by conjugation by a targeting peptide to yield a bi-modal
TMIA for MRI-NIR or MRI-PAI. The synthesis 1s com-
pleted right to left as 1s convention for peptide synthetic
approaches with the final conjugation to yield the TMIA also
shown. This same approach can be applied to yield mono-
modal agents containing one or more metals, such as Gd
(multi-Gd), one or more dyes (such as NIR dyes), multi-

modal agents (metal-dye), or any combination of these.
Scheme 4 illustrates the modular synthesis of dual modal

TMIA as shown below:

Steps A, B

Step A Deprotect Fmoc
Step B Couple next acid module
to synthesize "1maging di-peptide”

Pre-formed Gd imaging
module for MRI,

Fmoc or

H-Lys(Gd-DOTA)-NH,
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Scheme 5 1llustrates the final step 1n modular synthesis of the acid free, or the acid protected and the amine free. On the
dual modal TMIA with a documented targeting agent for side chain of such an amino acid 1s a chelating group, for
human A549 cancer cells, c((RGDyK), as shown below: example DOTA or DTPA, containing any metal atom (for

O I
“, _.N N H g N | N
H H N \ : .—
O ,_:Ga ------------ O
”u ": N
N i N
i/
H I
final
c(RGDYK)
cﬂnjugaticm
O
}‘I O
N
O |
O H O
H—N
- O O
o\S//
.
O/
N* N
o . ‘ O
[ | ™o
O O
(44)
The methods of the mvention enable assembly of non- example Gd, Cu, Fu) suitable for complexation by the
targeted molecular 1imaging agents (MIAs) and targeted chelating group.
molecular imaging agents (TMIAs) from pre-formed amino The amino acid containing a metal chelating side chain 1s
acids containing individual imaging agents on their side °Y designed to be used, and to be useful in, the syntheses of
chains. The amino acids contain metal-ligand groups teth- molecular 1imaging agents for the diagnosis of diseases.
ered through a carbon chain to the backbone of an amino As described further 1in the examples, both the free amine
acid. Alternatively,, a dye such as a NIR dye can be Similarly and the free acid 1n amino acids and small pep‘[ides COMN-
tethered to an amino acid. These are assembled using . taining metal chelating agents and NIR dyes on the side

peptide coupling methodology to provide peptide-based
imaging agents with imaging groups on the side chains.
The chelating group 1s brought in early in the synthesis as
1s shown 1n the examples, followed by incorporation of the
metal also early in the synthesis. In one aspect the mvention
a pre-formed amino containing a chelating group that com-
plexes a metal atom, 1s separated by a short or long carbon

chains have been reacted and have shown they behave well
in standard peptide coupling reactions. The Gd-DOTA has
been shown to be stable to deprotection of Fmoc with a
secondary amine stable to hydrogenation conditions to

remove Cbz, as an example, and 1s stable to up to 100%
TFA, with side chain NIR dyes stable up to 20% TFA. Other

chain to an acid group, or amino group, or in an amino-acid metals are stable for the duration of time to remove MTtt,
that contains both, and protects that ligand in the elaboration OtBu, tBoc and other acid-labile protecting groups used n
to imaging agents, i.e., a “chelate-protecting agent”. 5 peptide synthesis 1n acid conditions ranging from 1-100%

The chain could be made of an amino acid suitable for acids. These conditions are also used to remove solid phase

peptide synthesis where the amine could be protected and resins from their support, furthering their utility i solid
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phase peptide synthesis and other similar conditions neces-
sary for organic structural transformations.

A further example 1includes the use of one or more Gd’s
on one side chain for MRI, and radioactive metals including
Cu, Tc, In and others for PE'T and SPECT imaging on one
or more additional side chains for multi-modal MRI-PET
and MRI-SPECT imaging.

A further example includes coupling this first metal
contaiming amino acid to a standard protected amino acid
such as Cbz or Mtt which can be further converted to an
additional 1maging agent, such as a NIR dye on the side
chain.

Other examples include the synthesis of modular imaging,
peptides containing metals or that contain modular amino
acids with a NIR dye, such as such as Cy7, Alexa 730,
IRB00CW, or a lower wavelength dye such as Cy 5.5, Alexa
680, Cy 3, Alexa 630, Texas Red, Oregon Green, Fluores-
cein and numerous other dyes.

It has been discovered that the amine and acid groups
within the chelating sphere unexpectedly remain unreactive
in coupling reaction conditions during peptide synthesis and
during standard conjugation conditions in the preparation of
targeted 1maging agents. In addition, they remain stable and
unreactive in the atorementioned protection and deprotec-
tion reactions that are common to organic synthesis and
peptide synthesis. This provides a highly desirable use for
them as a method of directly incorporating metals useful in
medical 1imaging agents by the use of standard peptide
reactions in solution or solid phase peptide synthesis and
standard peptide elaboration conditions. This usefulness
extends to their conjugation to targeting agents and agents,
such as nanoparticles in the final steps of the synthesis.

By this method a preformed single modal or multi-modal
imaging agent may be conjugated to a wide vanety of
targeting groups in the final step or second last step. In
contrast, most TMIA’s and peptide based imaging agents
reported 1n the literature have incorporated the targeting
group prior to incorporation of all final imaging groups. The
latter approach requires individual tailoring of synthetic
methods that are compatible with targeting groups. This
method 1s advantageous 1 providing a means to introduce a
wide variety of targeting agents to a preformed 1maging
agent 1n the final step or steps.

The compounds drawn 1n the primary examples are novel
and their use in synthesis, including peptide synthesis,
standard coupling conditions, and stability in standard
deprotection conditions used 1 both solution and solid
phase peptide synthesis 1s novel.

(d has been placed on side chains using two procedures.
In the first, a three step procedure 1s used whereby DOTA 1s
incorporated by coupling a commercially available tri-butyl
protected DOTA, followed by deprotection, and then fol-
lowed by chelating Gd. In the second procedure, an unex-
pected route to the metal protected chelate on side chain can
be applied to any primary or secondary amine. It 1s possible
to couple an unprotected DOTA containing four tertiary
amines and four carboxylic acids, directly with a coupling
reagent such as TBTU, HATU, or COMU. This 1s done in
the presence of Gd 1n the same step, or with Gd added 1n a
second step to provide the Gd-DOTA reactions from the
unprotected DOTA 1tself and Gd (for example Gd(OACc), 1n
one step.

For these methods a way of purifying these compounds
has been developed by use of a chromatography method
(1.e., preparative SPE) as above, thereby synthesizing the
aforementioned useful Gd containing precursors 1 a multi-
step or two step reactions. We have also shown that other
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metals (Eu”*, Eu’*, Ce, and Cu) may be used to synthesize
the amino acid precursors in this manner and many other
metals (Tc, In, Ga) may be likewise incorporated in this
manner and that this method could be used to couple or
conjugate a wide variety of similar chelating agents includ-

ing DOTA, DTPA and others.

The shortened synthesis of the precursors described above
and this synthesis method combined with simple purification
1s an additional aspect of the present invention.

Utilizing the pre-formed precursors of steps 1 and 2
shows that linear peptides can be elaborated that may
contain multiple side chains or chains containing complexes
of metals by the same standard coupling or conjugation
processes. An example 1s shown 1n which a D1-Gd complex
1s prepared. A second example 1s shown whereby a multi-
modal agent containing a NIR dye for fluorescence imaging
or photoacoustic imaging can be prepared.

It 1s possible to use this modular method to couple amino
acids, such as lysines containing multiple metal atoms, or
multiple dyes, 1n any number and 1n any combination limited
only by solubility 1n solution, solid phase peptide synthesis
methods, or other coupling methods. It 1s likewise possible
to conjugate virtually any amine, sulfur or acid contaiming
targeting group such as a peptide, protein, antibody, aptamer
or small molecule to this 1maging peptide.

In a variant of the modular method, the introduction of a
second amino acid with standard protecting groups such as
Mtt and Cbz coupled to an amino acid module containing a
chelated metal method, followed by conversion of that Mitt
or Cbz protecting group to a NIR dye 1s provided. Thus, 1s
it 1s possible to use the metal “chelate-protecting agent” to
claborate with non-functionalized amino acid with non-
functionalized chains or amino acids 1n conventional peptide
chains as well.

The examples further illustrate metal chelates such as
Ce-DOTA, or Eu-DOTA on amino acid side chains or as
modular precursors to other metals including radioactive Ic,
In, Ga, Cu by metal exchange reactions.

By this method amino acids could also contain targeting
peptides, proteins, antibodies, nanobodies, and aptamers
bonded to the side chain of amino acids and that these
resulting pre-formed targeting amino acids could also be
assembled 1n an “assembly line” like fashion. By analogy,
this would be coupling together pre-formed modules to
create a template based single, double, or triple (multi-
modal) targeted molecular imaging agent (TMIA) with each
amino acid in the final peptide containing an imaging agent
or a targeting agent.

The modular approach includes coupling together pre-
formed amino acids containing imaging groups placed on
the side chain. Examples of this are shown below. In general,
it 1s favorable to synthesize and couple together the pre-
formed agents so that the targeting groups can come 1n as the
last step. In this manner, pre-formed single or multi-modal
agents can be pre-made then attached to a variety of pep-
tides, proteins, antibodies, nanobodies, aptamers, small mol-
ecules or other targeting agents containing a nucleophilic
amine (N atom), sulfide (S atom), or a electrophilic form of
a carboxylic acid in the final step, avoiding the necessity of
performing further chemistry with the targeting groups
present. An exception 1s metal exchange for radioactive
metals which could occur in the last step to avoid use of a
radiochemical prior to transport to the location where testing
OCCUrs.

The invention will be further 1llustrated with reference to
the following specific examples. It 1s understood that these
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examples are given by way of illustration and are not meant an Fmoc-protected lysine 1s used to form the amide form and
to limit the disclosure or the claims to follow. Fmoc protected and free alpha amine forms of the amino
EXAMPLES acid metal-ligand modules where “b” refers to product of the
second step. Amino acids are L form, unless otherwise

Example 1 > . . . .
donated with D. A terminal caboxamide 1s employed 1n
This Example illustrates the synthesis of amino acid solution phase synthesis to emulate an extended peptide or

metal-ligand modules, Compounds (1)-(5). In this synthesis solid support resin.

2. Couple tBuzDOTA

0O 1. Deprotect Mtt:- Compound 1b _

)‘l\ NH,

Fmoc-Lys(Mtt)-NH»>
1b =Fmoc(H)-NH,

(la)

)I\ NH;

Fmoc-Lys(DOTA-OtBu)-NH»>
(2)
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-continued
CO,H

L —\ /oM
)
-

EN N
0 N N
f CO,H

H—N

)I\ NH;

Fmoc-Lys(DOTA)-NH>

(3)

)L NH,

Fmoc-Lys(M-DOTA)-NH»>
(4)

Gd(OAc),
-

DEA

22
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O O
0 0
/ 0\ /YO /N /\,I/O
N, #N\ N, ‘_N\
( __,‘:.;M;:----.).----o |/ __,,;M;:---.J---o
o NN TN o NN N
\\ / \_E_/ peptide coupling \ \_.:_/
/ : - - !
H—N 0 H—N O
O \\ O
NH A NH
NI, 2 SN 2
O

1
O

H-Lys(M-DOTA)}-NH,
(5)

wherein: bly of targeting groups and/or 1maging agents or biomarker
M, is Gd in Compounds (4)-(5); and 30 or larger assembly, such as a dendrimers, polymers, or
nanoparticles).
A 1s elongated peptide chain, or linker, or targeting agent, or
linker to targeting agent. Example 2

In this case “A” above could denote a peptide, a peptide °>  This Example illustrates the synthesis of amino acid

containing additional i1maging agents by the modular metal-ligand modules, Compounds (6)-(8). In this synthesis
method described, or Compound (35) could be conjugated an Fmoc-protected lysine 1s used to form free acid and
directly or via a linker to any targeting agent (i.e., a peptide, activated acid forms of the amino acid metal-ligand mod-
protein, antibody, nanobody, 1imaging group, linker, assem- ules.
= Y )
\\ \/ 1. Deprotect Mtt
2. Couple on
DOTA-CH,CO,H
O g
)‘\ OH

Fmoc-Lys(Mtt)-OH
(6a)
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-continued
CO»tBu
\\ S\ COoxBu
[N Nj
O N NW
H—Nj CO»tBu
4. Deprotect t-butyl
groups with TTA
5. Gd(OAc)H
O
)I\ OH
S
H O

Fmoc-Lys(DOTA-OtBu)-OH
(/a)

O peptide coupling
Jo=-

-

)L OH

Fmoc-Lys(Gd-DOTA)-OH
(8)

26
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-continued
O
Q
/i \ 0
N ’NQY
o= N N

\ \—i—/ deprotection
: and peptide coupling
H—N O - -

O
O
)]\ O
O IiJ N\B
Q H O
O

Q
/i \ 0
N‘ E #Nﬁ\(

r MQ)O
o N 1 N
N/ i/
H—N O
O
A O
™y g
H O

wherein:

M, 1s Gd 1n Compound (8).

A, B=In this case A and B above could denote a solid 0
support, elongated peptide chain, linker, targeting agent,
or linker to targeting agent, a peptide contaiming addi-
tional 1imaging agents by the modular method described,
or Compound (8) could be deprotected and conjugated o5
directly or via a linker to any targeting agent (peptide,
protein, antibody, nanobody, 1maging group, linker,

assembly of targeting groups and/or i1maging agents,
biomarker, larger assembly such as a dendrimers, poly-

mers, or nanoparticles).

Example 3

This Example illustrates one step synthesis of amino acid
metal-ligand modules, Compound (8). The butyl protected
precursor 1s expensive, so a “one-pot” reaction with both the
side-chain deprotected lysine acid and the backbone termi-
nal carboxamide (not shown) 1s proposed as a less expensive

method.
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Fmoc-Lys(H)-OH
O
X

30

1. In one step:
TBTU or HATU, DIEA,

Gd(OAc);

-

2. Preparative Solid-
Phase Extraction

ud

OH

p

T
I\Z

“z
_/ \2
O

”
an
O

-

Fmoc-Lys(Gd-DOTA)-OH

The product was formed, albeit 1n less than optimal yield.
However, in consideration of multiple steps and the cost of
the t-butyl precursor this method was utilized for synthesis

of precursors. The purification by SPE or HPLC was some- 60
what easier 1n the case of the acid Compound (8) versus the

amide Compound (5).

Example 4
63

This Example illustrates the synthesis of amino acid
metal-ligand modules, Compounds (9)-(12).

(8)
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Fmoc-Lys(DOTA)-NH>

CO,H
——  —CO,H
2
N Nj
N N
\ / ﬁ Ce(NO3),
o1
CO:H Eu(NO3),
-
H,
0
Q
/N 0
N‘\ ,NW
I/MJ)O
o SN N
ANV
H—N 0O
O
0
)]\ NI,
T
q 0O

Fmoc-Lys(M-DOTA)-NH,

32
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wherein:

M, is Eu* in Compound (9), Eu** in Compound (10), Ce in
Compound (11), and Cu i Compound (12).
Compounds (9)-(12) can be prepared by the three step

procedure in Example 1 or by the one step procedure in 3
Example 3. A method of exchanging radioactive metals for
PET from non-radioactive metals with weak dissociation
constants with those of somewhat stronger dissociation
constants 1s also provided. To model the exchange of metals
in the final steps of the synthesis of a TMIA, metal analogs 1¢
of Compound (5) were prepared. The objective was to use
“cold” (non-radioactive) metals as test cases for radioactive
metals as the chelating activity would surely be i1dentical.
Exchange was possible utilizing Certum and Europium 1in

15
the +2 oxidation state, made by the same two methods for
synthesizing Compound (5).

Example 5
20

This Example illustrates the metal exchange in solution
and 1n SPE cartridge of Compounds (11), (12).

?_

Z‘

)

,
,

]
»

‘h
b 1
Z
O
IlI'I. 'i-
;Z
f‘;‘f_ .
3
Q
-

\-

CE’
z ,.

Z
/1

|
Z,
O

\E 1
N

1. dilute TFA O
-
2. Cu(NO3),

)j\ OH i

Fmoc-Lys(Ce-DOTA)-OH or ‘

Fmoc-Lys(Eu-DOTA)-OH Fmoc-Lys(Cu-DOTA)-OH

OH

(11) (12)

50
The exchange above may be carried out by a solution

technique 1mvolving mild acidification followed by either
exchange of metal or followed by loading onto a preparative
SPE cartridge, eluting with a solution of the desired metal

followed by elution from the column with an appropriate 55
solvent.

Example 6

This Example illustrates the synthesis of amino acid-dye 60
modules, Compounds (13)-(18). In this synthesis Fmoc-
protected lysine’s where used to form the basis of amino
acid-NIR dye modules. For our purpose various alternative
sulfonated forms of the well-known Cy5.5 and Cy7 were
available. Related NIR and NIRF dyes as delineated above 65
such as IRBOOCW could also be provided as side chains 1n

modular amino acids as tollows.
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NH

’ O)kN OH

Fmoc-Lys(Cy5.5)-OH = (13a)

Fmoc-DLys(Cy5.5)-OH = (13b)

Fmoc-Lys(Cy3.5)-NH2 = (14)
H-Lys(Cy3.5)-NH2 =(15)

US 10,610,608 B2

(13)
O
\ OH

S
‘ -

36



P
® -
/ i
I A

US 10,610,608 B2
37

-continued
(16a, 19)

Fmoc-Lys(Cy7)-OH, R =503;H (16a)
Fmoc-DLys(Cy7)-OH, R = SO3H (16b)
Fmoc-Lys(Cy7)-OHm R =H (19

(17)

Y

o Eﬁ
A
chas

Fmoc-Lys(Cy7)-NH,, R = SO3H (17)
H-Lys(Cy7)-NH,, R = SO;H (18)

38
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Example 7
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This Example 1llustrates the synthesis of generic forms of
modular dye amino acids, as shown below.

P NIR Dve

N N
n In
10
A B A NI,
SN SN
q 2
O 0O

/\
N N
K
N N

J,NIR Dve

AN C 0

K,CO;3, MeCN

40

The amino-acid dye modules could be represented broadly
by these two examples. As 1n the prior examples, the peptide

could be clongated as 1n A and B described where these
could denote a peptide, a peptide containing additional
imaging agents by the modular method described. Backbone
protecting groups could be deprotected and conjugated
directly or via a linker to any targeting agent (peptide,
protein, antibody, nanobody, 1imaging group, linker, assem-
bly of targeting groups and/or 1maging agents or biomarker
or larger assembly such as a dendrimers, polymers or
nanoparticles.

Example 8

This Example 1illustrates the synthesis of high relaxivity
MRI amino acid modules, Compounds (20)-(26).

CO,tBu

L /—\ /—COxBu

N TFA

l Br—COH (direct route)

CO,H

CO,H
LN/—\N/—

(

N

)

N

Q __/

O/\OJ\E

(22)

O CO,H

e

Gd(OAc);, DMF

-

O \__/ g

g
)L O CO,tBu
O N
H
O\/O

(21)

O
O OAK
/N
O....N_{ N
N
L RN | Pd/C, HCOOH
’ N7 0 -

(23)
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OH*"{:N\‘ "l..”N N’ E ‘N7 0 Fmoe-Lys(Cbz)NH,
I\ H"; : a"‘-..w Fmoc-Cl, Na2CO3 _ i \_i_/ TBTU, NH; _
R L - O <
N\_i_/N\_<O 0 N Z O
O O
< Q
O )
(25)
Peptide
Synthesis Steps
Y
O
O ('j 5
; \ / I':-\ O (;)
O“~..f"N‘.. '.' ’._N > '.'_\
N ! N
#;(?q“‘*] Pﬂptldﬂ O“"'-.;‘:: ‘\\ ! ;'!
NH E *N_..»-*'"""-..__O Synthesis* Stepsh L""*-%:a:u‘
\__/\_< N< i ;N"""“-o
NH; Z O O \_<
A
N HN S O
NH>
B

R

HfN\’rO\/ NS

In this synthesis, the application of the metal chelate-
protecting agent, in which the Gd 1s introduced early, 1s
shown 1n a synthesis of high-relaxivity MRI agents contain-
ing “DOTAla” (or DO3A)”. The high relaxivity agents
containing DOTala (or DO3A) offers an improved T1 relax-
ation time 1 MRI which results in greater MRI contrast

(Sherry, et al, Ferreira, et al).

The method enables the preparation of high-relaxivity
agents for MRI from pre-formed modules of the type shown
above 1 Compounds (23)-(25). This has been coupled to a
second protected amino acid and thus illustrates peptide
chain elaboration as designated by A and B (peptide chains,
or other 1maging agent amino acids or peptides, or targeting

55

60

65

agents or linkers to targeting agents. In addition, the
approach would be applicable to the attachment of addi-
tional Gd-DO3A (DOTAIla) residues coupling them together
in a peptide synthesis approach.

As 1n most peptide syntheses using Gd, the method
reported 1n the literature utilizes tri-butyl groups on DOTA

during peptide incorporation and elongation steps. These are
deprotected with harsh acid and Gd introduced in the final
steps, a non-ideal method that 1s incompatible with many
targeting groups and precludes many alternative imaging
groups such as NIR dyes 1in the same molecule as NIR dyes
are not stable 1n strong acid. By introducing Gd early by the
availability of (25) these difliculties are avoided.
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By introducing the Gd early 1n an analogous manner as
the prior introduction into the lysine side chain, a vastly
improved, synthesis of agents for MRI 1s offered that would
be applicable to a wide variety of peptide based imaging
agents, including agents available by incorporation of (25)
or the deprotected amine after Fmoc removal in peptide
synthesis. The coupling of the acid (25) has been shown to
proceed well to produce (26).

(8)
Fmoc-Lys(Gd-DOTA)-OH

Q 0O E\j\ ETNHZ oA
et e
@

-

(27)

44

The amino acids containing metal-chelate complexes can
be brought 1nto a solution or solid phase peptide synthesis in
the 1nitial steps of the synthesis of a TMIA via the following

examples.

Example 9

This Example 1llustrates the synthesis of di-Gd contrast
agent with SMCC linker, Compounds (27)-(29).

0
i 0
N/_ ';_\N/\(
S N0
0NN N
: Coupl.
M g
+ : -
H—N O

NH»
NH>
O
(3)
H-Lys(Gd-DOTA)-NH>
O
O
, O
/N
N“‘ : !‘N\ -0

-

Fmoc-Lys(Gd-DOTA)-Lys(Gd-DOTA)-NH,
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H—N 0 H—N 0
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P SMCC b
N%H#)L NIL -\ NAJJ\ NIL
N O . I;-I
= | -
;:]IH O O ;:]H O
\‘/\ O ";’\ QO
[ ' N/Y [ 3 N/\(
N"*.. ‘\ :" \\ O N"'--. ‘t :; j
N (=M )0
o-"v /VTON O-"y /YN
N Y N \
\‘_l‘ \'-“
O : O !
O O
O O
(28) (29)
H-Lys(Gd-DOTA)-Lys(Gd-DOTA)-NH» SMCC-Lys(Gd-DOTA)-Lys(Gd-DOTA)-NH>
wherein M, and M, are each Gd in Compounds (27)-(29). ..
Compound 29 was then conjugated via the attached SMCC
linker as follows:
¢(RGDyK)
Compound 29 -
O
O

HO NH,
0

)
=
r
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‘N/

SMCC-Lys(Gd-DOTA)-Lys(Gd-DOTA)-NH,

(30)

The compounds above provide a second method of pro-

viding increased contrast in MRI by placement of multiple
Gd atoms 1n an 1maging agent 1s shown by the synthesis of
a di-Gd 1mage contrast agent. Two lysine amino acid resi-
dues, each containing a Gd-DOTA (chelated metal) have
been icorporated on the side chain. In one case the amine
1s iree and the acid 1s elaborated mto a terminal carboxam-
ide. This also serves to emulate an extended peptide chain
and a solid support in solid phase synthesis. In the second
module the same Gd-DOTA side chain 1s utilized, but 1n this
case the amine 1s protected as a standard Fmoc group and the

acid 1s left tree to react.

As noted above, the Gd-DOTA moiety 1s shown to be
stable to peptide deprotection conditions including by base,
acid and hydrogenation and 1s stable to peptide coupling

conditions. The synthesis 1s a straightforward approach to

Di1-Gd agents and differs with existing di-Gd syntheses 1n
that the Gd 1s introduced early 1n the synthesis by introduc-
tion into the initial precursors or modules. This method 1s
also applicable for continued elaboration to provide tr, tetra

and other multi-Gd agents utilizing the same methodology.

To demonstrate the versatility and stability of the side-
chain metal chelating complex (Gd-DOTA) the deprotected

30
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H-Lys(Gd-DOTA)-NH2 was conjugated to Fmoc-Lys(Cbz)-
OH and to Fmoc-Lys(Mtt)-OH 1n standard peptide coupling

reactions. This showed stability to removal of Fmoc by
DEA, to coupling conditions (TBTU or HATU 1n DIPA or

DIEA), to hydrogenation conditions to remove the Cbz

group, as well as stability to 20% TFA conditions to remove

the Mtt protecting group.

Amino acid-metal module and Cbz or Mtt protected
Lysine were coupled followed by deprotection and conju-
gation to NIR dye. This shows that lysine containing a
pre-formed metal complex can be coupled to an acid, and 1t
1s stable to deprotection of the side chain Cbz by hydroge-
nation and of Mtt by acid (TFA) hydrolysis. This shows that
Gd also behaves as a chelating protecting agent for the
tetra-acetic acids, such as in DOTA and DTPA disallowing

their coupling in favor of coupling to the acid desired.

Example 10

This Example 1llustrates the synthesis of imaging dipep-
tide by Method A, Compounds (31)-(34).
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(9)
H—N
A
Fmoc-Lys(Cbz)-OH
or Fmoc-Lys(Mtt)-OH
O
Q
/N 0
N, | !NQY
Ty
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H—N O
O
(31)
Q H O H2/Pd (for Cbz)
o
O rlq\)]\ NH, or TFA (Mtt)
Dt g
2 | |
O ~ H O
H—N

Fmoc-Lys(Cbz)-Lys(Gd-DOTA)-OH
and

Fmoc-Lys(Mtt)-Lys(Gd-DOTA)-NH,

(32)
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-continued

In the inverse sequence of the above coupling step, the
versatility of the amino acid modules was demonstrated by

coupling the acid of the Fmoc- Lys(Gd DOTA)-OH to an
amine of the right hand amino acid, 1n this case H-Lys(Cbz)-

NH2. As in the prior example, this shows that the Gd

behaves as a protecting group and that a pre-formed metal
complex can be coupled to for further elaboration of the
imaging peptide.

Example 11

This Example illustrates an alternative approach to imag-
ing di-peptides, Compound (33).
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(8)

Fmoc-Lys(Gd-DOTA)-Lys(Cbz)-NH>

(35)

56
/ ‘
H—N
NH, 1.TBTU or HATU
LN DIEA in DMF
O

H-Lys(Cbz)-NH,

2. Deprotrection
of Cbz with Hg/Pd CDHlpOUIld 35h-

-
Fmoc-Lys(Gd-DOTA)-Lys(H)-NH,
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By coupling an amino-acid—dye module (Compound (IV)- Fmoc protecting group, attaching a linker, following by
(V)) with an amino acid—metal-Ligand Module (Scheme 3) attaching a targeting agent as shown in following sections.

a Tully modular synthesis of multi-modal imaging agents 1s
available. The result was an Fmoc protected dipeptide
containing a Gd-DOTA chelate and a NIR dye as shown. The
terminal carboxamide 1s an emulation of a further peptide

chain or solid phase support. This agent 1s designed for This Example 1llustrates the modular synthesis of a multi-
subsequent conversion to final TMIAs by removal of final modal agent, Compounds (34), (36).

Example 12

O

mec-NH\)I\
O

H_
_ O O
O/
S
V;
O

.
| I ~O
O O
H-Lys(Gd-DOA)-NH?2
(15)
O
Q
N/ i \N 0
/ N \ :I ’#.r \
O,
O*\"" 7N' N
H—N O
O Couple Compound 34 Deprotect
> L, L, Isomer >
NH,

H,N
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-continued
O
? Q)
N/_i_-\N 0
N ﬁ\(
0= SN N
WA
H—N O
O

HzN\)]\ NH,
N

H—N
O
o\S//O
g

(36)

60



US 10,610,608 B2
61 62

An 1mitial application of the modular approach to TMIA’s 1s Example 13
the design and synthesis of single-modal agents. These
examples below show two linkers which were successiul 1n

preparation of the final TMIAs establishing that linker _ _ _
chemistry is viable. These were then applied to dual modal s agent ¢(RGDyK) Gd agent for MRI using succinate linker,

This Example illustrates the synthesis of single modal

agents 1n subsequent examples. Compounds (37), (38):
O
Q
'|.IIII O
N 3 N
O O O ( T N0
N A
)H /K/N;' “‘ ‘N
HN \
DIPA K \_/ ¢(RGDyK), TBTU, DIPA
. ) -
O
O
O
HO\N\ NH;
N
H
O O
(37, n = succinate linker, Su)
(5)
HO
O
OH

NH SN TN LY
) NN, P
N p
= 3/
N
H

HZN—<
0
NH,
N

N
c(RGDyK)-Su-Lys(DOTA)-Gd)-NH,

(38,1 =1, Su)
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Example 14

This Example illustrates the synthesis of single modal
agent c(RGDyK) Gd agent for MRI using an SMCC linker,

Compounds (39), (40).

0 Q o
T s\ / <
N A N L0

c(RGDyK), NMP, NMM
5 — o ‘1 -
0O 0
0
O NH,
/ N
H
N O

O
SMCC-K(Gd-DOTA)-NIH,
(39)
HO 0
) N :
O N
H 3
/ / ‘
O HN O N“ 3 xN\ ,,,,, O
H Lol J
‘e, N NH2 ____..-"'"" P ‘1‘\‘
HN 1llr""qi':‘»"'/'\/ O-*"'-‘ \N’ ‘\1 N
H \ W/
Z N NH \ ]\
O HN lb 5
. O

HO

HN 0
O NH,
N
H
N O
O

c(RGDYK)-SMCC-K(Gd-DOTA)-NH?2
(40)
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The following Examples 14 and 15 provide the final Example 14
TMIA 1n which there 1s a NIR for use 1n NIR or PAI imaging
apd a Gd for use in MRI. The peptide RG_DYK ws chosen This Example illustrates synthesis of bi-modal TMIA,
since methods were developed for evaluation of binding to
human A549 lung cancer cells by confocal fluorescence 5 RODYK-SMCC-K(Cy5.5)-K(Gd-DOTA)-NH2 by modular

microscopy (CFM). method, Compounds (41), (42).

/¥
O O 0O O

DIPA, DMF

(34), _ ¢(RGDyK), TBTU

OH O
H
)\V/\I'( N\)k NH;
O " . N
- H
O

N

-

Su-Lys(Cy 5.5)-Lys(Gd-DOTA)-NH,

(41)
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c(RGDYK)-Su-Lys(Cy 5.5)-Lys(Gd-DOTA)-NH,

(42)
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Example 15

This Example illustrates the synthesis of bi-modal TMIA,
RGDyK-SMCC-K(Cy3.5)-K(Gd-DOTA)-NH2 by modular
method, Compounds (43), (44).

0L, \
~ /Y
O
Compound36 ~ MCC,NMP L O NMP, NMM

0O
Z 0O
IT

N N NH,
N
0O H

0O O
N
O O
\
N\
O

SMCC-DLys(Cy 5.5)-Lys(Gd-DOTA)-NH,

(43) D, L 1somer
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Example 16
Synthesis of Compounds (1)-(44)

Compound (la): Fmoc-Lys(Mtt)-NH,

The solid Fmoc-Lys(Mtt)-OH (Bachem)(1 g, 1.6 mmol)
was dissolved 1n of DCM (50 mL). Added 1n quick succes-
sion were HOBt (43.3 mg, 3.20x10™" mmol), DIPA (620 mg,
4.80 mmol), and TBTU (617 mg, 1.92 mmol). After 5
minutes, 30% ammonia (294.4 mg, 5.76 mmol) was added
to the solution. The reaction was monitored every 0.5 h by
TLC (50:50 mixture ol EtAc:Hexanes). The reaction was
run for 1 h. The solution was rotary evaporated and dried
under high vacuum. Purification was done by extraction
using DCM versus potassium sulfate, sodium carbonate, and
sodium chloride with a sequential back extraction of aque-
ous layers with a single DCM layer. The product in organic
phase was rotary evaporated and dried under high vacuum to

50
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NH, NV N L0
NH "_...-'": ’ ‘:u‘ /
O_,..--"" SNTOW N
~ /¥
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NS /

¢(RGDYK)-SMCC-DLys(Cy 5.5)-Lys(Gd-DOTA)-NH,

O
4

o//S ~o

(44) D, L Isomer

yield an off-white foam. Yield: 934 mg (1.50 mmol, 93.6%);
LC-MS=Calcd. for C,;H,,N,O;: 6238 1found: 624.6
[M+H]".

Compound (1b): Fmoc-Lys(H)—NH,,

A solution of (1a) Fmoc-Lys(Mtt)-NH,, (500 mg, 8.0x107*
mmol) 1n DCM (5 mL) was cooled to 4° C. 1n an 1ce bath.
Once removed from the ice bath, TFA (0.5 mL, 10%) was

added to the cooled down solution. The solution was then
stirred for 0.5 h and was monitored via HPLC method A

20-100% every 0.25 h. The reaction was run for 1 h. The

solution was rotary evaporated and dned under high
vacuum. Purification was done through SPE using method
B: 5-70%. The fractions were tested 1n the LC-MS with the
same method used for the reaction. Pure product was found
in fractions 30-40%. These fractions were combined, rotary
evaporated, and dried under high vacuum. Yield: 280 mg
(7.63%x10~" mmol, 95.2%); LC-MS=Calcd. for C,,H,N;O;:
367.2 (m/z), found: 368.4 [M+H]".
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Compound (2): Fmoc-Lys(DOTA-OtBu)-NH,

The solid (1b) Fmoc-Lys(H)—NH, (60 mg, 1.63x107"
mmol) was heated 1 a 50:50 solution of DCM:DMF (6 mL)
to dissolve the solid. Separately, the solid DOTA-tnTBu
(TCD) (112.23 mg, 1.96x10™" mmol) was dissolved in DCM
(5 mL). To the dissolved DOTA-tr1TBu, HOBt (4.41 mg,
3.27x107% mmol), TBTU (62.92 mg, 1.96x10~" mmol), and
DIPA (84.42 mg, 6.53x10™" mmol) were added. These two
separate solutions were then combined and the reaction was
monitored every 0.5 h through LC-MS method A: 20-100%.
The reaction was run for 3.5 h. The solution was rotary
evaporated and dried under high vacuum. Purification was
done via extraction using EtOAc and water with a sequential
back extraction of aqueous layers with a single EtOAc layer.

The product 1n organic phase was rotary evaporated and
dried under high vacuum. Yield: 103.5 mg (1.12x107*

mmol, 68.73%); LC-MS=Calcd. for C,;H,N-O,,: 922.6
(m/z), found: 921.9 [M-H]".

Compound (2): Fmoc-Lys(DOTA-OtBu)-NH.,,
Scale Up

The solid (1b) Fmoc-Lys(H)—NH, (322.5 mg, 6.70x107"
mmol) was heated 1 a 50:50 solution of DCM:DMF (8 mL)
to dissolve the solid. Separately, the solid DOTA-trnnTBu
(TCI) (345.3 mg, 6.03x10™" mmol) was dissolved in DCM
(5 mL). To the dissolved DOTA-triTBu TBTU (258.1 mg,
8.04x107" mmol), and DIPA (519.4 mg, 4.02 mmol) were
added. These two separate solutions were then combined
and the reaction was monitored every 0.5 h through LC-MS
method A: 20-100%. The reaction was run for 3.5 h. The
solution was rotary evaporated and dried under high
vacuum. Purification was done via extraction using EtOAc
and water with a sequential back extraction of aqueous
layers with a single EtOAc layer. The product 1n organic
phase was rotary evaporated and dried under high vacuum.

Yield: 609.4 mg (6.6x10~" mmol, 98.6%); LC-MS=Calcd.
tor C,cH,N-,O,,: 922.6 (m/z), found: 921.9 [M-H]".

Compound (3): Fmoc-Lys(DOTA-OH)—NH,,

To a solution of (2) Fmoc-Lys(DOTA-OtBu)-NH, (247.1
mg, 1.34x10™" mmol) in pure TFA (3 mL), 6 drops of
deiomized water was added (2 drops per 1 mL of TFA). The
solution was stirred for 3.5 h at room temperature while
using LC-MS method A: 50-100% to check the reaction
progress every 0.5 h. Once the reaction was complete, the
material was rotary evaporated, dried under high vacuum,

and used without further purification 1n the subsequent step.
Yield: 100.3 mg (1.33x10~" mmol, 83.0%); LC-MS=Calcd.

for C;-H; N,O,,: 753.4 (m/z), found: 752.7 [M-H]".

Compound (3): Fmoc-Lys(DOTA-OH)—NH,, Scale
Up

To a solution of (2) Fmoc-Lys(DOTA-OtBu)-NH,, (626.0
mg, 6.79x10™" mmol) in pure TFA (5 mL), 10 drops of
deiomized water was added (2 drops per 1 mL of TFA). The
solution was stirred for 3.5 h at room temperature while
using LC-MS method A: 50-100% to check the reaction
progress every 0.5 h. Once the reaction was complete, the
material was rotary evaporated, dried under high vacuum,

and used without further purification 1n the subsequent step.
Yield: 502.0 mg (6.66x10~" mmol, 98.1%); LC-MS=Calcd.

tor C;-H;,N-,O,,: 753.4 (m/z), found: 752.7 [M-H]".
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Compound (4): Fmoc-Lys(Gd-DOTA)-NH,

The solid (3) Fmoc-Lys(DOTA-OH)—NH, (176.2 mg,
2.34x10™" mmol) was dissolved in a buffer solution of pH 6
(6 mL). Separately, the solid Gd(OAc) (Alfa Aesar) (113.98
mg, 2.8x10™" mmol) was added to the solution. The reaction
was stirred under argon gas and was monitored every 0.5 h
by LC-MS method A. The reaction was run for 1.5 h. The
solution was rotary evaporated and dried under high vacuum
to remove the solvent. Purification was done through SPE
using method B. The fractions were tested i the LC-MS
with the same method used for the reaction. Pure product
was found 1n fractions 50-60%. These fractions were com-
bined, rotary evaporated, and dried under vacuum to yield a
white solid. Yield: 77.2 mg (8.49x107° mmol, 36.3%);
LC-MS=Calcd. for C;;H,,GdN-O,,: 909.2 (m/z), found:
909.9 [M+H]".

Compound (4): Fmoc-Lys(Gd-DOTA)-NH,,, DMF
Method

The solid (3) Fmoc-Lys(DOTA-OH)—NH, (250 mg,
3.32x10™" mmol) was dissolved in DMF (5 mL). Separately,
the solid Gd(OAc) (Alfa Aesar) (269.5 mg, 6.63x107"
mmol) was added to the solution. The reaction was stirred
under argon gas and was momtored every 0.5 h by LC-MS
method A. The reaction was run for 1.5 h. The solution was
rotary evaporated and dried under high vacuum to remove
the solvent. Purification was done through SPE using
method A. The fractions were tested 1n the LC-MS with the
same method used for the reaction. Pure product was found
in fractions 30-35%. These fractions were combined, rotary
evaporated, and dried under vacuum to yield a white solid.

Yield: 155.0 mg (1.71x10~" mmol, 51.4%); LC-MS=Calcd.
for C;-H,,GdN,O,,: 909.2 (m/z), found: 909.9 [M+H]".

Compound (3): H-Lys(Gd-DOTA)-NH,

To a solution of (4) Fmoc-Lys(Gd-DOTA)-NH, (20.0 mg,
2.00x107* mmol) dissolved in DMF(2 mL), DEA (16.3 mg,
2.21x10™" mmol) was added drop-wise. The solution was
stirred for 1 h at room temperature while using LC-MS
method A: 20-100% to check the reaction progress every 0.5
h. Once the reaction was complete, the material was rotary
evaporated. This concentrated material was then dissolved
in H,O and added to a separatory funnel for extraction using
pure EtOAc for the organic layer and water for the aqueous
layer. A sequential back extraction was done on the aqueous

layers with a single layer of EtOAc. Product was found 1n
the aqueous layer. Yield: 12.6 mg (1.83x10™° mmol, 82.4%);

LC-MS=Calcd. for C,,H;,GdN-,O4: 686.9 (m/z), found:
685.6 [M-H]".

Compound (6b): Fmoc-Lys(H)—OH

A solution of (6a) Fmoc-DLys(Mtt)-OH (Anaspec) (1 g,
1.6 mmol) in DCM (10 mL) was cooled to 4° C. in an 1ce
bath. Once removed from the i1ce bath, TFA (1 mL, 10%)
was added to the cooled down solution. The solution was

then stirred for 0.5 h and was monitored through LC-MS
method A: 20-100% every 0.25 h. The reaction was run for
1 h. The solution was rotary evaporated. Ether was added
followed by continued concentration and the product was
dried under vacuum. Purification was not done on this

product; the crude residue was used for the subsequent
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reactions. Yield: 380 mg (1.03 mmol, 64.4%);
LC-MS=Calcd. tor C,,H,,N,O,: 368.4 (m/z), found: 367.2
|[M-H]".

Compound (7a): Fmoc-Lys(DOTA-OtBu)-OH

The solid (6¢) Fmoc-Lys(H)—OH (196.5 mg, 5.33x107*
mmol) was dissolved 1n DCM (4 mL). Separately, the solid
DOTA-OtBu (274.92 mg, 4.80x10™" mmol) was also dis-

olved in DCM (2 mL). To this dissolved DOTA compound,
HATU (182.51 mg, 4.80x10™" mmol), and DIPA (413.58
mg, 3.20 mmol) were added. These two separate solutions
were then combined and monitored every 0.5 h through
LC-MS method A: 50-100%. The reaction was run for 2 h.
The solution was rotary evaporated and dried under high

vacuum to take off the solvent. Purification was done
through SPE using method A: 20-100%. Product was found

in fractions 70-80%. Yield: 0.216 g (2.35x10™" mmol,
44.1%); LC-MS=Calcd. for C, H-,N.O,,: 923.1 (m/z),
found: 921.9 [M-H]".

Compound (7b): Fmoc-Lys(DOTA-OH)—OH
(Deprotected DOTA not Shown)

To a solution of (7a) Fmoc-Lys(DOTA-OtBu)-OH (216.9
mg, 2.35x10™" mmol) in pure TFA (3 mL), 6 drops of
deiomized water was added (2 drops per 1 mL of TFA). The
solution was stirred for 3.5 h at room temperature while
using LC-MS method A: 50-100% to check the reaction
progress every 0.5 h. Once the reaction was complete, the
material was rotary evaporated, dried under vacuum, and
used without further purification i the subsequent reaction
step.  Yield: 0.1602 g (2.12x107" mmol, 90.3%);
LC-MS=Calcd. for C;-H,N;O,,: 754.8 (m/z), found: 753.6
[M-H]".

Compound (8): Fmoc-Lys(Gd-DOTA)-OH

The solid (7b) Fmoc-Lys(DOTA-OH)—OH (160 mg,
2.12x10~" mmol) was dissolved in a buffer solution of pH 6
(6 mL). Separately, the solid Gd(OAc) (103.37 mg, 2.54x%
10~" mmol) was added to the solution. A white precipitate
was formed when the compounds were combined 1n solu-
tion. To dissolve the solid, methanol (6 mL) was added. The
reaction was stirred and kept under argon gas and was
monitored every 0.5 h through LC-MS method A: 20-100%.
After 2 h the reaction was completed. The solution was
rotary evaporated and dried under high vacuum to remove
the solvent. Purification was done through SPE using
method B. The fractions were tested 1n the LC-MS with the
same method used for the reaction. Pure product was found
in fractions 20-40%. These fractions were combined and
rotary evaporated for further use. Yield: 0.084 g (9.23x107~
mmol, 43.54%); LC-MS=Calcd. for C,,H,,GdN O, ,: 910.1
(m/z), found: 908.9 [M-H]".

Compound (8): Fmoc-Lys(Gd-DOTA)-OH (one
step method)

The solid DOTA-OH (Macrocyclics) (208.7 mg, 2.71x
10~! mmol) was dissolved in DMF (10 mL). Once dissolved,
DIPA (526.2 mg, 4.07 mmol) was added drop-wise to the
solution to achieve a pH of 8. Next, TBTU (87.15 mg,
2.71x107" mmol) dissolved in DMF (1 mL) was added
drop-wise to the solution. The reaction was allowed to stir
for 5 min. (6b) Fmoc-Lys(H)—OH (100 mg, 2.71x107*
mmol) dissolved mn DMF (3 mL) was added drop-wise.
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Again, the reaction was allowed to stir for 5 min. Next,
Gd(OAc), (132.4 mg, 3.26x10™" mmol) dissolved in DMF

(2 mL) was added to the solution. The reaction was stirred

under argon gas and was monitored every 0.5 h through
LC-MS method A: 20-100%. After 2 h DIPA (175.4 mg,

1.36 mmol) and TBTU (10.5 mg, 3.26x10™° mmol) were

added to the reaction mixture. After 5 h the reaction was
complete. The solution was rotary evaporated and dried
under high vacuum to remove the solvent. Punfication was
done through SPE using method B. The fractions were tested
in the LC-MS with the same method used for the reaction.
Pure product was found in fractions 40-30%. The purest
fractions were combined and rotary evaporated for further
use. Yield (pure fractions): 37.6 g (2.13x107> mmol, 15.2%);
Total with slightly impure fractions which were separately
re-purified, 91 mg (1.02x10" mmol, 37.2%); ((LC-
MS=Calcd. tor C,,H_ GdANO,,: 910.1 (m/z), found: 908.7
[M-H]".

Compound (9): Fmoc-Lys(Eu”/-DOTA)-NH,

The solid (3) Fmoc-Lys(DOTA-OH)—NH, (10.0 mg,
1.33%x107* mmol) was dissolved in DMF (1 mL). Separately,
the solid Eu(NO,)., (Aldrich) (17.0 mg, 3.98x107* mmol)
was added to the solution. The reaction was stirred under
argon gas for 40 min after which the reaction was complete
by LC-MS method A: 20-100%. The solution was rotary
evaporated and dried under high vacuum to remove the
solvent. Purification was done through SPE using method A:
10-100%. The fractions were tested 1n the LC-MS with the
same method used for the reaction. Pure product was found
in fractions 25-30%. These fractions were combined, rotary

evaporated and dried under vacuum to yield a white solid.
Yield: 4.0 mg (4.43x107° mmol, 34.1%); LC-MS=Calcd. for

C,-H,.FuN,O,.: 903.27 (m/z), found: 902.8 [M+H]"*.

Compound (10): Fmoc-Lys(Eu”-DOTA)-NH,

The solid (3) Fmoc-Lys(DOTA-OH)—NH, (10.0 mg,
1.33%107* mmol) was dissolved in DMF (1 mL). Separately,
the solid EuBr, (Alfa Aeser) (12.41.0 mg, 3.98x10™* mmol)
was added to the solution. The reaction was stirred under
argon gas for 40 min after which the reaction was complete
by LC-MS method A: 20-100%. The solution was rotary
evaporated and dried under high vacuum to remove the
solvent. Purification was done through SPE using method A:
10-100%. The fractions were tested 1n the LC-MS with the
same method used for the reaction. Pure product was found
in fractions 25-30%. These fractions were combined, rotary
evaporated, and dried under vacuum to yield a white solid.

Yield: 11.0 mg (1.20x107% mmol, 90.6%); LC-MS=Calcd.
for C,,H, EuN,O,,: 903.27 (m/z), found: 902.8 [M+H]".

Compound (11): Fmoc-Lys(Ce-DOTA)-NH,

The solid (3) Fmoc-Lys(DOTA-OH)—NH, (10.0 mg,
1.33%x10™* mmol) was dissolved in DMF (1 mL). Separately,
the solid Ce(NO,), (Alfa Aeser) (12.41.0 mg, 3.98x107>
mmol) was added to the solution. The reaction was stirred
under argon gas for 40 min after which the reaction was
complete by LC-MS method A: 20-100%. The solution was
rotary evaporated and dried under high vacuum to remove
the solvent. Purification was done through SPE using
method A: 10-100%. The fractions were tested 1n the LC-
MS with the same method used for the reaction. Pure
product was found in fractions 235-30%. These fractions
were combined, rotary evaporated, and dried under vacuum
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to yield a white solid. Yield: 11.0 mg (1.20x10™* mmol,
90.6%); LC-MS=Calcd. for C37H48EuN7010: 890.25 (m/z),
found: 889.4[M-H]". (With Eu isotope pattern)

Compound (12): Fmoc-Lys(Cu-DOTA)
Method A.

-NIL,:

The {freeze-dried solid (11) F- K(DOTA Ce(IIT))-NH,
(11.2 mg, 1.25x107> mmol) was dissolved in 2 mL of 50%
acetonitrile then sonicated for approximately 20 minutes.
The resulting solution had a concentration of 0.0063M.
115.1 mg of Cu(INO,), was dissolved in 9.7 mL of water to
make a 0.063M solution. 200 uL of the F-K(DOTA-Ce(111))-
NH, solution and 200 pL of the Cu(NO,), solution were
added to an HPLC wial. To make the reaction environment
acidic, 400 uL. of 0.2M TFA at pH 2.01 was added to the
HPLC wial. The reaction was monitored after 24 hours (by
LC-MS method A: 20-100%) and found to be partial con-
version to the Cu complex. After five days conversion was
complete. In subsequent experiments 1n HPLC vials, 1t was
determined that by increasing acidity the Ce could be
removed faster. This could be followed by introducing the

Cu solution and purification or insertion of metal and

purification could be accomplished by SPE (SPE Method A:

50-100%). The product was left 1n solution and assayed by
LC-MS=Calcd. for C;,H, ,CuN-O,,: 813.3 (m/z), found:

813.8 [M] (with Cu 1sotope pattern)

Compound (12): Fmoc-Lys(Cu-DOTA)
Method B.

NH,:

The freeze-dried solid (1x) F-K(DOTA-Eu(I1l))-NH,, (3.5
mg 3.87x107° of F-K(DOTA-Eu(II))-NH,, was dissolved in
0.6 mL of 50% acetonitrile. The resulting solution had a
concentration of 0.0065M. 200 uL of the F-K(DOTA-Eu
(II))-NH, solution and 200 ulL of a 0.063M Cu(NO,),
solution were added to an HPLC wvial. To make the reaction
environment acidic, 400 ul. of 0.2M TFA at pH 2.01 was
added to the HPLC wial. The reaction was monitored after
one 24 and 48 h (by LC-MS method A: 20-100%) and found
to be partial conversion to the Cu complex. After five days
conversion was still a mixture. It was determined that
increasing acidity speeds up the exchange. The product was
left 1 solution and assayed by LC-MS=Calcd. {for
C,-H,,CuN,O,,: 813.3 (m/z), found: 813.7 [M] (with Cu
1sotope pattern)

Compound (13b): Fmoc-DLys(Cy3.5)—0OH

The NIRF dye Cy5.5 (25.0 mg, 2.89x107> mmol) was
dissolved 1n DMF (2.5 mL) followed by addition of HOBt
(1.8 mg, 1.30x107* mmol) and DIPA (93.49 mg, 7.23x10™"
mmol). HATU (14.0 mg, 3.62x107* mmol) was added and

the activation was monitored through a dilute benzyl amine
quench through HPLC method B: 30-100%. After 20 min-

utes, (6d) Fmoc-DLys(H)—OH (Bachem) (10.7 mg, 2.89x
10~* mmol) was added. The reaction was stirred for 30 min.
The reaction was cooled and concentrated under high
vacuum, followed by punfication by SPE method B:
10-100%. The product was found 1n fractions 30-40%. The

purest fractions were concentrated and freeze dried. Pure
Yield: 12 mg (0.988x107%, 34.2%). Total yield: 17 mg

(1.40x107> mmol, 48%). LC-MS=Calcd. for
Ce.H-,N.O,,S;: 1214.4, found: 1213.6 [M-H]~, 606.3
[M-H/2]".

Compound (14): Fmoc-Lys(Cy5.5)-NH,

The solid, NIRF dye Cy5.5 (25.0 mg, 2.89x10™% mmol)
was dissolved in NMP (1.5 mL) and the solution was dried
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with two 3A molecular sieves for 10 min, followed by
addition of HOBt (0.5 mg, 3.60x10~> mmol) and DIPA (18.6

mg, 1.45x10™" mmol). HATU (16.48 mg, 4.34x107° was
added to the reaction. After pre-activation, (1b) Fmoc-Lys
(H)>—NH, (16.70 mg, 3.47x10~* mmol) was added followed
by stirring at ambient temperature for 2 h. The reaction was
cooled and concentrated under high vacuum, followed by
purification by SPE method B: 10-100%. The product was
found 1n fractions 40-50%. The purest fractions were con-
centrated and freeze dried. Pure Yield: 13 mg (1.07x1072,
37.0%). LC-MS=Calcd. for C.,H-,,N.O,,S;: 1213 .4, found:
1212.5 [M-H]~, 607.2 [M-H/2]".

Compound (15): H-Lys(Cy5.5)-NH,

To a solution of (14) Fmoc-Lys(Cy5.5)-NH,, (12.1 mg,
1.0x107* mmol) dissolved in DMF (2 mL), DEA (10.0 mg,
1.39%10™" mmol) was added drop-wise. The solution was
stirred for 6 h at room temperature while using LC-MS
method A: 20-100% to check the reaction progress every 2
h. Once the reaction was complete, the material was rotary
evaporated. This concentrated material was then dissolved
in H,O and added to a separatory funnel for extraction using
pure EtOAc for the organic layer and water for the aqueous
layer. A sequential back extraction was done on the aqueous
layers with a single layer of EtOAc. Product was found 1n

the aqueous layer. Yield: 5.2 mg (5.25x107> mmol, 52.5%);
LC-MS=Calcd. for C,;H,,N.O,,S;: 990.3.3 (m/z), found:

089.4.4 [M-H]".

Compound (16b) Fmoc-DLys(Cy7s)-OH

The NIRF dye Cy7 (50.0 mg, 6.55x107° mmol) was
dissolved in DMF (1.5 mL) followed by the addition of
DIPA (169.4 mg, 1.31 mmol). The coupling agent COMU
(42.1 mg, 9.83x107° mmol) was added and the activation
was monitored through a dilute benzyl amine quench
through HPLC method B: 30-100%. After 5 min, (6d)
Fmoc-DLys(H)—OH (26.5, 6.55x107> mmol) was added.
The reaction was stirred for 30 min. The reaction was
cooled, quenched with 5 mL water and concentrated under
high vacuum, followed by purification by SPE method
B:10-80%. The product was found 1n fractions 30-40%. The
purest fractions were concentrated and freeze dried. Pure
yield: 7.0 mg (6.28x107°, 10.0%). Total yield including
second recycled SPE: 18 mg (1.60x107° mmol, 24.7%).
LC-MS=Calcd. for C,.H,,N,O,,S;: 1112.4, found: 1211.5
IM-H]~, 605.3[M-H/2]".

Compound (17): Fmoc-Lys(Cy’7)-NH,,

The solid, NIRF dye Cy7 (25.0 mg, 3.28x107> mmol) was
dissolved 1n DMF (1.5 mL) and the solution was dried with

two 3A molecular sieves for 10 min, followed by addition of
HOBt (0.4 mg, 2.89x10™° mmol), DIPA (50.82 mg, 3.93x

10~" mmol), and TBTU (13.15 mg, 4.10x10™* mmol). After
pre-activation, (1b) Fmoc-Lys(H)—NH, (15.78 mg, 3.28x
107° mmol) was added followed by stifling at ambient
temperature for 2 h. The reaction was cooled and concen-
trated under high vacuum, followed by purification by SPE
method B: 10-100%. The product was found in fractions
40-50%. The purest fractions were concentrated and freeze
dried. Pure Yield: 12 mg (1.07x107°, 32.9%).
LC-MS=Calcd. for C;.H,N.O,,S;: 1111.4, found: 1110.6
[M-H]~, 3555.3 [M-H/2]".

Compound (18): H-Lys(Cy7)-NH,

To a solution of (17) Fmoc-Lys(Cy7)-NH,, (6.0 mg, 5.39x
10~ mmol) dissolved in DMF (2 mL), DEA (9.87 mg,
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1.35%10~" mmol) was added drop-wise. The solution was
stirred for 6 h at room temperature while using LC-MS
method A: 20-100% to check the reaction progress every 2
h. Once the reaction was complete, the material was rotary
evaporated. This concentrated material was then dissolved
in H,O and added to a separatory funnel for extraction using
pure EtOAc for the organic layer and water for the aqueous
layer. A sequential back extraction was done on the aqueous

layers with a single layer of EtOAc. Product was found 1n
the aqueous layer. Yield: 4.2 mg (4.72x107> mmol, 87.5%);

LC-MS=Calcd. for C,, H..N.O,,S;: 889.3 (m/z), found:
688.4 [M-H]".

Compound (19): Fmoc-Lys(Cy7)-OH

The solid, NIRF dye Cy7 (9.1 mg, 1.36x10™* mmol) was
dissolved in NMP (2.0 mL) and the solution was dried with
two 3A molecular sieves for 10 min, followed by addition of
DSC 13.4 mg, 5.23x107% mmol) and NHS (3.44 mg, 2.99x
10~> mmol) and after stirring 5 minutes DIPA (38.65 mg,
2.99x10~" mmol) was added. The solution was warmed at
50° C. 30 min. (1b) Fmoc-Lys(H)—NH, (5.0 mg, 1.36x107~
mmol) was added followed by stitling at ambient tempera-
ture for 2 h. The reaction was cooled and concentrated under
high vacuum, followed by purification by SPE method B:
10-100%. The product was found 1n fractions 40-50%. The
purest fractions were concentrated and freeze dried. Pure
Yield: 10 mg (9.8x107°, 72.1%). LC-MS=Calcd. for
C.Hs,N,O,,S,: 1018.4, found: 1017.6 [M-H]~, 508.6
[M-H/2]".

Compound (20): Cbz-Ala(Cyclen)-Bn was made by
the method of Eszter, et al'~.

Compound (21): Cbz-Ala(DOTA-OtButyl)-Bn

The (20) Cbz-Ala(Cyclen)-Bn (1.81 g, 3.72 mmol)'* was
dissolved in ACN (50 mL) along with potassium carbonate
(5.16 g, 37.2 mmol). thutyl bromoacetate (2.32 g, 11.9
mmol) was added drop-wise to the cloudy mixture. The
reaction was stirred at room temperature overnight. The
mixture was vacuum-filtered to remove the precipitate. The
solvent was removed through rotary evaporation and high
vacuum. The residue was dissolved 1n EtOAc and extracted
with water, a mild acid, and brine. The organic layer was
dried with Na,SO, which was then filtered out. The solvent
was removed through rotary evaporation. Yield: 3.33 g (4.03
mmol, >theorized). LC-MS=Calcd. for C_ H-N.O,,: 826.0
(m/z), found: 824.8 [M-H]".

Compound (22): Cbz-Ala(DOTA-OH)-Bn

The (21) Cbz-Ala(DOTA-OtButyl)-Bn (0.25 g, 0.303
mmol) was chilled 1n an ice bath for several min. The solid
was dissolved 1n pure TFA (5 mL) and the i1ce bath was
removed. The reaction stirred overnight at room tempera-
ture. Solvent removal through rotary evaporation was fol-
lowed by the addition of ethyl ether (3 mL) to precipitate the
product from the remaining TFA. The liquid was vacuum
dried, leaving behind a white solid. The product was not

purified; the crude material was used for further reactions.
Yield: 0.1025 g (1.56x10~" mmol, 51.5%). LC-MS=Calcd.

for C;,H,3NO,,: 657.7 (m/z), found: 658.6 [M+H]".

Compound (23): Cbhz-Ala(Gd-DOTA)-Bn

The (22) Cbz-Ala(DOTA-OH)-Bn (0.1025 g, 0.156
mmol) was dissolved in DMF (3 mL). Gd(OAc), (0.127 g,
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0.312 mmol) was added to the solution. The reaction was
stirred at room temperature for 3 h. The solvent was
removed with rotary evaporation. The residue was sus-
pended 1 a roughly 20% mixture of ACN in water and
purified through SPE using method A: 5-60%. The product
was found 1n fractions 45-55%. These fractions were com-
bined and rotary evaporated. Yield: 0.0955 g (1.18x107*
mmol, 75.6%). LC-MS=Calcd. for C,,H,,N.O,,Gd: 811.9
(m/z), found: 813.6 [M+H]".

Compound (24): NH,-Ala(Gd-DOTA)-OH

Catalytic hydrogenation of (23) Cbz-Ala(Gd-DOTA)-Bn
(0.0955 g. 0.118 mmol) was carried out by dissolving the Gd
compound 1n methanol (10 mL). Formic acid (250 ul) was
added to the solution followed immediately by activated
Pd—C (100 mg, 0.940 mmol). The flask was sealed and
stirred at room temperature for 2 h. The Pd—C was filtered
and the solvent was removed through rotary evaporation.
The product was not purified and used directly 1n subsequent
reactions. Yield: 0.050 g (8.51x10™° mmol, 72.1%).
LC-MS=Calcd. for C,-H,.N.O.Gd: 587.7 (m/z), found:
589.4 [M+H]".

Compound (25): Fmoc-Ala(DOTA-Gd)—OH

The unprotected (24) NH,-Ala(Gd-DOTA)-OH (0.030 g,
0.0851 mmol) was dissolved in ACN (3 mL). Sodium
Carbonate (0.02705 g, 0.255 mmol) was dissolved 1n delon-
1zed water (3 mL) and added to the reaction mixture. The

clear solution was stirred 1n an ice bath for 5 minutes while
Fmoc-Cl1 (0.0264 g, 0.102 mmol) was dissolved in ACN (2
mlL). The ice bath was removed and the Fmoc-Cl was added
to the reaction. The solution was stirred 4 h. Purification was
done through SPE method A: 5-50% with pure product
found 1n fractions 10-15%. Those fractions were combined

and the solvent was removed through rotary evaporation.
Yield: 0.0121 g (1.49x10™* mmol, 17.6%). LC-MS=Calcd.

for C;,H;4N.O,,Gd: 809.9 (m/z), found: 811.3 [M+H]".

Compound (26):
Fmoc-Ala(DOTA-Gd)-Lys(Cbz)-NH,

Compound (27): Fmoc-Lys(Gd-DOTA)-Lys(Gd-
DOTA)-NH,

The solid (8) Fmoc-Lys(Gd-DOTA)-OH (9.8 mg, 1.08x
10* mmol) was dissolved in DMF (0.5 mL). Added to this
solution were DIPA (13.92 mg, 1.08x10~! mmol) and TBTU
(4.84 mg, 1.51x107> mmol). To this solution, (5) H-Lys(Gd-
DOTA)-NH, (7.4 mg, 1.08x107> mmol) dissolved in DMF
(0.5 mL) was added. The reaction was stirred under argon
gas and was monitored every 0.5 h through LC-MS method
B. The LC-MS showed the mass of the product and 1ts half
weight as well as consecutive loss of one to three acetic
acids. After 2 h the reaction was completed. The solution
was rotary evaporated and dried under high vacuum to
remove the solvent. Purification was done through SPE
using method B. Product was found in fractions 50-60%.
These pure fractions were combined, concentrated through
rotary evaporation and dried under high vacuum. Yield: 5.1

mg (3.23x10™ mmol, 30.0%); LC-MS=Calcd. for
CoHyGdAN O, o0 1578.9 (m/z), found: 1577.5 [M-H]".

Compound (28): H-Lys(Gd-DOTA)-Lys(Gd-
DOTA)-NH,

To a solution of (27) Fmoc-Lys(Gd-DOTA)-Lys(Gd-
DOTA)-NH, (3.70 mg, 2.34x10™> mmol) dissolved in NMP
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(0.25 mL), DEA (3.43 mg, 4.69x10™" mmol) was added
drop-wise. The solution was stirred for 2 h at room tem-
perature while using LC-MS method B: 30-100% to check

the reaction progress every 0.5 h. After 2 h, DEA (1.71 mg,
2.34x107% mmol) was added. After 4 h, additional DEA

(3.43 mg, 4.69x107> mmol) was added. After 24 h the

reaction was complete and the material was rotary evapo-
rated. This concentrated material was then dissolved in H,O
and added to a separatory funnel for extraction using pure
EtOACc for the organic layer and water for the aqueous layer.
A sequential back extraction was done on the aqueous layers
with a single layer of EtOAc. Product was found in the
aqueous layer. Yield: 3.50 mg (2.58x107° mmol, >theory);
LC-MS=Calcd. for C,,H,-Gd,N,;0,,: 1356.6 (m/z), found:
1354.7 [M-H]".

Compound (29): SMCC-Lys(Gd-DOTA)-Lys(Gd-
DOTA)-NH,

To a solution of (28) H-Lys(Gd-DOTA)- Lys(Gd DOTA)-
NH, (3.50 mg, 2.58x10™° mmol) dissolved in PBS buffer
(0. 25 mL) of pH 8.5, the SMCC linker (2.20 mg, 6.45x107°
mmol) mm DMF (0.25 mL) was added. The solution was
stirred for 1.5 h at room temperature while using LC-MS
methanol B: 20-100% to check the reaction progress every
0.5 h. Once the reaction was complete, the material was
concentrated down. The product was purified through SPE
method B: 10-50%. The product was found in fractions
15-25%. Yield: 4.0 mg (2.54x107°> mmol, 98.3%);
LC-MS=Calcd. tor C.H,,Gd,N,,0O,,: 1575.8 (m/z), found:
1573.8 [M-H]~. The mass spectra of this compound 1s

shown 1n FIG. 3, displaying the di-Gd 1sotope pattern.

Compound (30) c(RGDyK)-SMCC-DLys(Gd-
DOTA)-Lys(Gd-DOTA)-NH,

To a solution of (29) SMCC-Lys(Gd-DOTA)-Lys(Gd-
DOTA)-NH, (4.0 mg, 2.70x10~ mmol) dissolved in NMP
(0.80 mL), the targeting peptide c(RGDyK) (Peptides, Inter-
national) (1.70 mg, 2.75x10™° mmol) in NMP (0.25 mL)
with NMM (0.22 mg, 2.17x10™° mmol) was added. The
solution was stirred for 6 h at room temperature while using
LC-MS method B: 30-100% to check the reaction progress.
After 6 h 6, additional NMM (1.36 mg, 1.34x10™> mmol)
was added. The reaction was completed 1mn 76 h. Once the
reaction was complete, the material was concentrated down
through rotary evaporation. The product was purified
through SPE using method B: 10-50% with product found in
fractions 30-40%. Yield: 2.2 mg (1.03x10™> mmol, 38.1%);
LC-MS=Calcd. for Cg4iH,,oGd,N,;O,-: 219579 (m/z),
found: 728.6 [M-3H/3]”

Compound (31):
Fmoc-Lys(Cbz)-Lys(Gd-DOTA)-NH,

The solid Fmoc-Lys(Cbz)-OH (9.21 mg, 1.83x107°
mmol) was dissolved in DMF (2 mL). Added to this solution
were DIPA (2.37 mg, 1.83x10™* mmol) and HATU (6.97 mg,
1.83x107% mmol). To this solution, (5) H-Lys(Gd-DOTA)-
NH, (12.60 mg, 8.73x10™* mmol) dissolved in DMF (2 mL)
was added The reaction was stirred under argon gas and was
monitored every 0.5 h through LC-MS method A: 20-100%.
After 1 h the reaction was completed. The product was found
in the LC-MS with a consecutive loss of acetic acid frag-
mentation. The solution was rotary evaporated and dried
under high vacuum to remove the solvent. The product was

purified through SPE using method A. The product was
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found in fractions 70-80%. Yield: 2.2 mg (1.88x10™> mmol,
10.2%); LC-MS=Calcd. for C;,H,,GdN,O,,: 1171.4 (m/z),
found: 1170.1 [M-H]".

Compound (32a):
Fmoc-Lys(Mtt)-Lys(Gd-DOTA)-NH,

The solid Fmoc-Lys(Mtt)-OH (Bachem)(18.2 mg, 2.91x
10~* mmol) was dissolved in DMF (2 mL). Added to this

solution were DIPA (37.6 mg, 2.91x10~' mmol) and TBTU

(39.27 mg, 1.22x10™" mmol). The solution was cooled in an
ice bath to 10° C. and allowed to pre-activate for 5 min. To
this solution, (5) H-Lys(Gd-DOTA)-NH, (20 mg, 2.91x10~>
mmol) dissolved in DMF (2 mL) was added once removed
from the 1ce bath. The reaction was stirred and kept under
argon gas and was monitored every 0.5 h through LC-MS
method A: 50-100%. After 1.5 h the reaction was completed.
The solution was rotary evaporated and dried under high

vacuum to remove the solvent. The product was purified
through SPE using method A: 20-100%. The product was

found in fractions 60-70%. Yield: 0.010 g (7.73x10™> mmol,
26.53%); LC-MS=Calcd. for C_ H,,GdN,O,,: 1293.6
(m/z), found: 1292.3 [M-H]".

Compound (32b):
Fmoc-DLys(Mtt)-Lys(Gd-DOTA)-NH,,

The solid Fmoc-DLys(Mtt)-OH (Bachem) (54.49 mg,
8.74x107% mmol) was dissolved in DMF (4 mL). Added to
this solution were DIPA (112.89 mg, 8.74x10™" mmol) and
TBTU (11.2 mg, 3.49x107% mmol). The solution was cooled
in an 1ce bath to 10° C. and allowed to pre-activate for S min.
To this solution, (5) H-Lys(Gd-DOTA)-NH, (60.00 mg,
8.74x107* mmol) dissolved in DMF (4 mL) was added once
removed from the ice bath. The reaction was stirred under
argon gas and was monitored every 0.5 h through LC-MS
method A: 30-100%. After 1.5 h the reaction was completed.
The solution was rotary evaporated and dried under high
vacuum to remove the solvent. The product was purified
through SPE using method A: 30-100%. The product was
found in fractions 60-80%. Yield: 0.0471 g (3.64x107°
mmol, 41.7%); LC-MS=Calcd. for C,;H--GdAN,O,,: 1293.6
(m/z), found: 1292.2 [M-H]".

Compound (33):
Fmoc-DLys(H)-Lys(Gd-DOTA)-NH,

A solution of (32b) Fmoc-DLys(Mtt)-Lys(Gd-DOTA)-
NH, (47.10 mg, 3.64x107> mmol) in DCM (5 mL) was
cooled to 4° C. 1n an 1ce bath. TFA (0.5 mL) was added to
the cooled solution. The solution was then stirred for 0.5 h
at ambient temperature and was monitored through LC-MS
method A: 20-100% every 0.25 h. After 1 h the reaction was
complete. The solution was rotary evaporated and dried
under high vacuum to take off the solvent. Purification was
done through SPE using method B: 10-90%. The fractions
were tested 1n the LC-MS with the same method used for the
reaction. Pure product was found in fractions 20-30%. Yield:
0.0152 g (1.47x107* mmol, 40.1%); LC-MS=Calcd. for
C,iHe,GAN,O,,: 1037.3 (m/z), found: 1036.4 [M-H]".

Compound (34):
Fmoc-DLys(Cy5.5)-Lys(Gd-DOTA)-NH, by
Method A

The solid Cy 5.5 dye (4.50 mg, 5.21x10° mmol) was
dissolved in DMF (1 mL). One 3A and one 4A molecular
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sieve was added to the solution and allowed to dry for 10
min and then removed from the solution. Added to this
solution were DIPA (13.46 mg, 1.04x10~' mmol), TBTU
(2.09 mg, 6.51x10™> mmol), and HOBt (0.32 mg, 2.34x107"
mmol) and allowed to activate for 5 min. (33) Fmoc-DLys
(H)-Lys(Gd-DOTA)-NH, (5.40 mg, 5.21x107™° mmol) dis-
solved 1n DMF (1 mL) and had one 4A and one 3A
molecular sieve added and allowed to dry for 10 min. The

two solutions were then combined and the reaction was
stirred and kept under argon gas and was monitored every
0.5 h through LC-MS method B: 30-100%. After 1.5 h the
reaction was completed. The solution was rotary evaporated
and dried under high vacuum to remove the solvent. The
product was purified through SPE using method B: 5-70%.
The product was found in fractions 30-55%. These were

combined and concentrated and dried under high vacuum.

Compound (35):
Fmoc-Lys(Gd-DOTA)-Lys(Cbz)-NH,

The solid (8) Fmoc-Lys(Gd-DOTA)-OH (24.0 mg, 2.64x
10~* mmol) was dissolved in NMP (1.0 mL). Added to this
solution were DIPA (34.0 mg, 2.64x10™" mmol) and HATU
(10.03 mg, 2.64x107* mmol). To this solution, H-Lys(Cbz)-
NH, (7.4 mg, 2.64x10™° mmol) dissolved in NMP (0.5 mL)
was added The reaction was stirred under argon gas and was
monitored every 1 h through LC-MS method A. The LC-MS
showed the mass of the product as well as the haltf weight.
After 2 h the reaction was completed. The solution was
rotary evaporated and dried under high vacuum to remove
the solvent. Purification was done through SPE method A.
Product was found 1n fractions 30-50%. These pure fractions

were combined, concentrated through rotary evaporation,
and dried under high vacuum. Yield: 6.0 mg (5.12x107>

mmol, 20.0%); LC-MS=Calcd. for C;,H,,GdN,O,;: 1171.4
(m/z), found: 1170.5 [M-H]".

Compound (35b): H-Lys(Gd-DOTA)-Lys(H)—NH,,

Fmoc-Lys(Gd-DOTA)-Lys(Cbz)-NH, (35a) (6.0 mg,
5.13x10™° mmol) was dissolved in methanol (1.0 mL).
Under argon, formic acid was added (70 uL) followed by
activated 10% palladium on carbon (6.00 mg). The reaction
was stirred at room temperature for 2 h before 1t was
analyzed with LC-MS method A. The reaction was filtered,
concentrated by rotary evaporation to yield the product as a
solid:  vyield: 4.0 mg (3.86x10° mmol (75.2%);
LC-MS=Calcd. For C,,H,,N;O,,Gd: 1036.2 (m/z) found:
1034.7 [M-H]".

Compound (36b):
H-DLys(Cy5.5)-Lys(Gd-DOTA)-NH,

To a solution of (34) Fmoc-DLys(Cy5.5)-Lys(Gd-
DOTA)-NH, (11.7 mg, 6.21x10™> mmol) dissolved in DMF
(2 mL), DEA (4.54 mg, 6.21x10~* mmol) was added drop-
wise. The solution was stirred for 1 h at room temperature
while using LC-MS method A: 20-100% to check the
reaction progress every 0.5 h. Once the reaction was com-
plete, the material was rotary evaporated down. This con-
centrated material was then dissolved 1n H,O and added to
a separatory funnel for extraction using pure EtOAc for the
organic layer and water for the aqueous layer. A sequential
back extraction was done on the organic layers with one
single layer of EtOAc. Product was found in the aqueous
layer, which had a characteristic blue color. This was then
concentrated down and used for further reactions. Yield: 2.7
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mg (1.57x10 mmol, 25.3%); LC-MS=Calcd. for
C,,Hy,,GdN,,0,,S;: 1662.1 (m/z), found: 830.6 [M-H/2]".

Compound (37): Su-Lys(Gd)—NH,

To a solution of (5) H-Lys(Gd-DOTA)-NH, (10.0 mg,
1.45%10™* mmol) dissolved in DMF (2 mL), DIPA (7.54 mg,
5.79%x107° mmol) was added. Su linker (1.45 mg, 1.45x10~>
mmol) m DMF (0.5 mL) was then added to the solution. The
reaction was stirred for 1.5 h at room temperature under
argon while using LC-MS method B: 5-100% to check the

reaction progress every 0.5 h. The reaction was complete
after 24 h and was then concentrated down under high

vacuum. The product was not purified. Yield: 11.41 mg
(1.40x10~° mmol, 96.5%); LC-MS=Calcd. for

C,H,GdN-O,,: 789.9 (m/z), found: 788.3 [M-H]".

Compound (38): ¢(RGDyK)-Su-Lys(Gd)—NH,

To a solution of (37) Su-Lys(Gd-DOTA)-NH, (5.50 mg,
6.96x107° mmol) dissolved in DMF (1 mL), DIPA (3.60 mg,
2.79%107* mmol), HOBt (0.19 mg, 1.39x10~> mmol), and
TBTU (2.68 mg, 8.36x10~> mmol) were added. The solution
was allowed to pre-activate for 10 minutes. After this
pre-activation c¢(RGDyK) (4.75 mg, 7.66x10™> mmol) dis-
solved mn DMF (1 mL) was added. The reaction was
monitored though LC-MS method A. After 20 minutes the
reaction was completed. The material was concentrated

down under high vacuum and freeze dried. The product was
not purified, Yield: 1.2 mg (8.62x10™* mmol, 12.4%);
LC-MS=Calcd. for C;,Hy,;GdN,,O,,: 1391.5 (m/z), tound:
1389.7 [M-H]".

Compound (39): SMCC-Lys(Gd-DOTA)-NH,

To a solution of (5) H-Lys(Gd- DOTA) H, (24.00 mg,
3.49x10* mmol) dissolved in PBS buf er (1 mL) of pH 8.5,
the SMCC linker (17.51 mg, 5.24x10~° mmol) in DMF (2
ml.) was added. The solution was stirred for 1.5 h at room
temperature while using LC-MS method B: 20-100% to
check the reaction progress every 0.5 h. Once the reaction
was complete, the material was concentrated down. The
product was purified through SPE method B: 10-30%. The
product was found in fractions 15-23%. Yield: 19.0 mg
(2.10x10*  mmol, 60.0%); LC-MS=Calcd. for
C;,H;,GdNLO,,: 906.07 (m/z), found: 904.9 [M-H]".

Compound (40):
c(RGDyK)-SMCC-Lys(Gd-DOTA)-NH,

To a solution of (40) SMCC-Lys(Gd-DOTA)-NH,, (4.25
mg, 4.69x107° mmol) dissolved in NMP (0.25 mL), the
targeting peptide ¢(RGDyK) (2.91 mg, 4. 69><10‘3 mmol) i
NMP (0.25 mL) with NMM (0.71 mg, 7.03x10™> mmol) was
added. The solution was stirred for 74 h at room temperature
while using LC-MS method B: 20-100% to check the
reaction progress. After 74 h, additional NMM (1.66 mg,
1.64x107> mmol) was added to the reaction mixture. After
96 h, additional NMM (0.95 mg, 9.38x10™° mmol) was
added. The reaction was stirred during this time and com-
pleted after 120 h. Once the reaction was complete, the

material was concentrated down. The product was extracted
in water with EtOAc and freeze dried, Yield: 2.5 mg (1.167°

mmol, 34.9.0%); LC-MS=Calcd. for C.,Hy,;GdN,-,O,,:
1525.7 (m/z), found: 1524.5 [M-H]". The mass spectra of
this compound 1s shown 1n FIG. 4, displaying the typical Gd
1sotope pattern.
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Compound (41):
Su-Lys(Cy5.5)-Lys(Gd-DOTA)-NH,

To a solution of (36a) H-Lys(Cy3.5)-Lys(Gd-DOTA)-
NH, (3.7 mg, 2.22x107> mmol) dissolved in 50:50 DMF:
H, O (1 mL), HOBt (0.03 mg, 2.22x10™* mmol), and TBTU

(0.86 mg, 2.67x10™> mmol) were added. Su linker (0.22 mg,
2.22x107° mmol) in DMF (1 mL) was then added to the
solution. The reaction was stirred for 2 h at room tempera-
ture under argon while using LC-MS method A to check the
reaction progress every 0.5 h. The reaction was complete
alter 6 h and was then concentrated down under high
vacuum. The product was not purified. Yield: 2.0 mg (1.13x
107> mmol, 50.9%); LC-MS=Calcd. for
C,.H,,,GdN,,0,,S;: 1765.1 (m/z), found: 1763.7 [M-H]".

Compound (42): c(RGDyK)-Su-Lys(Cy5.5)-Lys
(Gd-DOTA)-NH,

To a solution of (41) Su-Lys(Cy3.5)-Lys(Gd-DOTA)-NH,
(0.53 mg, 2.85x10 mmol) dissolved 1n DMF (0.50 mL), the
targeting peptide c(RGDyK) (0.176 mg, 2.85x10~* mmol) in
NMP and DIPA (1.10 mg, 8.54x10™° mmol) were added.
The solution was stirred for 4 h at room temperature
monitored using LC-MS method B. After 2 h, additional
TBTU (1.0 mg, 8.55x10™* mmol) and DIPA (3.0 mg, 2.14x
102 mmol) were added. The reaction was completed in 3 h.
Once the reaction was complete, the material was concen-
trated down through rotary evaporation and high vacuum.
Yield: 0.3 mg (1.28x10™* mmol, 45%); LC-MS=Calcd. for
C,oH,3GdN,,0,,S;: 2338.8 (m/z), found: 1168.4[M-H/
217, 778.6 [M-H/3]".

Compound (43):
SMCC-DLys(Cy5.5)-Lys(Gd-DOTA)

NH,

To a solution of (36b) H-DLys(Cy5.5)-Lys(Gd- DOTA)
NH, (24.00 mg, 3.49x10~> mmol) dissolved in PBS buffer (1
mL) of pH 7.4, the SMCC linker (17.51 mg, 5.24x107>
mmol) in DMF (2 ml.) was added. The solution was stirred
for 1 h at room temperature while using LC-MS methanol B:
20-100% to check the reaction progress every 0.5 h. Once
the reaction was complete, the maternial was concentrated
down. The product was not purified; the residue was used
directly in the next reaction. Yield: 4.1 mg (2.18x107° mmol,

88.17%); LC-MS=Calcd. for Cq;H,,,GdN,,0,,S;: 1883.3
(m/z), found: 941.1 [M-H/2]".

Compound (44): c¢(RGDyK)-SMCC-DLys(Cy5.5)-
Lys(Gd-DOTA)-NH,

To a solution of (43) SMCC-DLys(Cy5.5)-Lys(Gd-
DOTA)-NH, (4.10 mg, 2.17x107> mmol) dissolved in NMP
(0.25 mL), the targeting peptide c(RGDyK) (2.02 mg, 3.26%
10> mmol) in NMP (0.25 mL) with NMM (0.22 mg,
2.17x107° mmol) was added. The solution was stirred for 74
h at room temperature while using LC-MS method B:
10-100% to check the reaction progress. After 24 h and 28
h, additional NMM (4.36x10~> mmol) was added. After 36
h, additional c(RGDyK) (3.26x10™° mmol) was added. After
72 h, additional NMM (4.36x107> mmol) was added. The
reaction was completed mm 76 h. Once the reaction was
complete, the material was concentrated down through
rotary evaporation. The product was purified through SPE

using method B: 5-350% with product found in fractions
30-40%. Yield: 2.0 mg (7.99x10™% mmol, 36.7%);

LC-MS=Calcd. for C,,,H,<;GdN,,0,,S;: 2503.1 (m/z),
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found: 1244.834.1 [M-H/3]". The molecular weight 1is
beyond the mass range of the mstrument utilized, however
the half and third masses are clearly visible and are typical
for such compounds. The mass spectra of this compound 1s
shown 1n FIG. 5, displaying the typical Gd 1sotope pattern.

HPLC Methods

To routinely monitor reactions an Agilent 1100 equipped
with a Diode Array detector and auto sampler was utilized
with the following general method.

For HPLC-DAD Method A: An Agilent XDBC-18 col-
umn or Waters Sunfire C-18 column with an 8 or 10 minute
gradient of 10-100% acetonitrile (solvent B) with resultant
90-0% A 0.1 M AmAc (Solvent A) was used unless other-
wise denoted in the experimental section (1.e. 30-100%
ACN).

Method B: An Agilent XDBC-18 column or Waters
Sunfire C-18 column with an 8 or 10 min gradient of
10-100% methanol with resultant 90-0% A 0.1M AmAc
(Solvent A) was used unless otherwise noted (1.e. 30-100%
MeOH).

Column dimensions were 3 mm by 150 mm, 3 micron
particle size, flow rate of 0.5 mL/min. Wavelengths were
chosen to monitor distinct functional groups. For example
265 nm was oiten chosen 1f the compound contained an
Fmoc protecting group. NIR dyes were monitored at their
wavelengths as well. For compounds containing the target-
ing peptide, RGDyK, a wavelength of 270 was diagnostic
for the presence of tyrosine (Y).

LC-MS Methods

To momtor reactions and obtain Mass Spectral data
concomitantly a Waters 2695 Alliance HPLC with Waters
2998 Diode Array Detector with a Waters 3100 SQQ Mass
Spectrometer was utilized with the 1dentical HPLC methods
as above. Scans were typically monitored by positive and
negative 1on switching as most of the compounds 1n this
record could be monitored by both, but as there were
numbers carboxylates and sulionates generally negative
ionization yielded more sensitivity.

SPE Methods

Conditioning of SPE column: a 20 g C-18 Sep-pack
((Varian Mega Bond Elut 20CC/5GRM)) was conditioned
with the organic solvent, then pure DI water followed by
loading the column with the dissolved product proceeded by
a DI water wash or first MeOH/H,O solution.

Method A: A step gradient of 10-100" acetonitrile
10-100% 1n 5% increments, 3 or 4 10 mlL fractions each,
unless otherwise noted (1.e., 30-100% ACN)

Method B: A step gradient of 10-100" methanol 10-100%
in 5% increments, 3 or 4 10 mlL {ractions each, unless
otherwise noted (1.e., 30-100% ACN).

CFM Methods

The general protocol for Confocal Microscopy by Chen,
et al was followed with the following detailed procedures for
cell culture and staining.

Cell Preparation: An AS549 culture obtained from the
American Type Culture Collection (ATCC) was grown to
50-70% confluency 1n an In Vitro Scientific 35 mm culture
dish with 10 mm Glass bottom well. The culture was
incubated in DMEM (Dulbecco’s Modified Eagle Medium)
with 10% Fetal Bovine Serum (FBS) overmight at 37° C. and
3% CO,. To obtain a suspension cell culture for transfer
purpose, the cells were washed with Phosphate Buflered
Saline (PBS) and then 0.25% Trypsin-EDTA (1x) (Invitro-
gen) was added to detach the cells.

Cell Staining: The cells were washed 3x with pre-heated
PBS (Phosphate-buflered saline). 5 uM c¢(RGDyK) peptide

conjugates (IMIAs) were added to the 10 mm glass bottom
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well and incubated at 37° C. and 5% CO,. Cells were then
washed 4x with chilled PBS. The samples were viewed

immediately under the scanning laser confocal microscope
(Leica Microsystems Inc.). Confocal Microscopy Scanning:
Leica TCS SPS II AOBS Filter Free Tunable Spectral
Confocal Research Microscope with Resonant Scanner and
Hybrid Detectors attached to Leica DMI6000 Fully Auto-
mated Microscope was used, with 40x water immersion
objective. The 405 Diode and HeNe633 lasers were
employed {for wvisualizing suspected auto-fluorescence,
c(RGDyK) Cy35.5-TMIA respectively. Images of staimned
cells were obtained using a sequential scan. The final image
was captured at 1000 Hz with a resolution of 1024x1024
pixel and frame average of 6. LAS AF software was used to
analyze the data. Shown 1 FIG. 1 1s a CFM Image of live
A549 human cancer cells after 2 hours incubation with of
TMIA Compound (44). The image 1s of one cell with the
illuminated areas a result of fluorescence of the TMIA. The
dark area within the cell 1s the nucleus.

T1 Relaxation Time Measurements in NMR Methods

To assess the contrast eflicacy of agents containing gado-
lintum (Gd) T1 relaxation times were measured by the
method of Hornak, et al. As a standard the compound
Gd(DOTA), also known as Gadovist (Macrocyclics) was
utilized. Measurements 1n this case were obtained on a
Magritek Spinsolve bench top NMR with frequency 42.5
MHz. FIG. 2 shows NMR T1 relaxation times of selected
compounds and standard (Gd-DOTA). Method 1s by Hor-
nak, et al.

ABBREVIATIONS

ACN: Acetonitrile

Ad: Adipic andhydride or Adipate

AmAc: ammonium acetate

Bn: Benzyl

CB-TETA: 4,11-bis(carboxymethyl)-1,4,8,11-tetraazabi-
cyclo[6.6.2]hexadecane

CB-Cyclam: 1.,4,8,11-tetraazabicyclo[6.6.2Jhexadecane

Cbz: Carboxybenzyl

CFM: Conifocal Fluorescence Microscopy

COMU: (1-Cyano-2-ethoxy-2-oxoethylidenaminooxy)di-
methylamino-morpholinocarbenium  hexatluoro-phos-
phate, 98% FW 428.27

DCM: Dichloromethane

DEA: Diethylamine

DIPA: Diisopropylamine

DMF: Dimethylformamide

DO3A: A DOTA-Alanine derivative (see Ferreira, et al)

DOTAla: DOTA attached from ring N to Alanine, analo-
gous to DO3A (Caravan, et al)

DOTA-triTBu: Tri-tert-butyl 1,4,7,10-Tetraazacyclodode-
cane-1,4,7,10-tetraacetate

DOTAM: 1.4,7,10-tetrakis(carbamoylmethyl)-1,4,7,10-
tetraazacyclododecane

DTPA: diethylene triamine pentaacetic acid

EDC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide

EtOAc: Ethyl acetate

Fmoc: Fluorenylmethoxycarbonyl

FRET: fluorescence resonance imaging transier
Gd(OAc): Gadolimmum acetate

Gl: Glutaric anhydride or Glutarate

HATU: 1-[Bis(dimethylamino)methylene]-1H-1,2,3-tri1-
azolo[4,5-b]pyridintum 3-ox1d hexafluorophosphate

HOATt: 1-Hydrox'7-7-azabenzotriazole

HOBt: Hydroxybenzotriazole

LC-MS: Liquid Chromatography-Mass Spectrometry
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Lys: Lysine
MeOH: Methanol
MR: magnetic resonance
MRI: magnetic resonance imaging
Mtt: Methyltrityl
NHS: N-hydroxy succimmide
IR: near inirared (dye or imaging)

NIRF: near infrared fluorescence (dye or imaging)
NMM: N-methylmorpholine

NMP: N-Methyl-2-pyrrolidone

NOTA: 2-(4,7-bis(2-(tert-butoxy)-2-oxoethyl)-1,4,7-tr1-
azonan-1-yl)acetic acid

NP: Nanoparticle

OtBu: t-butyl

Pd—C: Palladium on carbon

PAI: photo-acoustic imaging

Pep: peptide

PET: positron emission tomography

PBS: Phosphate bullered saline

SMCC: Succinimidyl-4-(N-maleimidomethyl)cyclo-
hexane-1-carboxylate

SPE: Solid Phase Extraction

SPECT: single photon emission tomography

Su: Succinic Anhydride or Succinate
SS: Solid Support
TBTU: 2-(1H-Benzotniazole-1-yl)-1,1,3,3-tetramethyl-
uronium tetratluoroborate
TE2A: (1,8-bis(acetic acid)-1,4,8,11-teraazacyclotetrade-
cane)
TETA: Trnethylenetetramine
TFA: Trnifluoroacetic acid
Although various embodiments have been depicted and
described 1n detail herein, 1t will be apparent to those skilled
in the relevant art that various modifications, additions,
substitutions, and the like can be made without departing
from the spirit of the invention and these are therefore
considered to be within the scope of the invention as defined
in the claims which follow.
What 1s claimed 1s:
1. A process for synthesizing a targeted imaging agent
comprising:
providing an amino acid or amino amide that does not
comprise a protected side chain and that comprises a)
a protected, activated, or free acid, b) a protected or free
amine, or ¢) both a) and b);

attaching a chelated metal or coupling a dye to the
unprotected side chain of the amino acid or amino
amide—prior to coupling to another amino acid, pep-
tide, or targeting group—to form an amino acid or
amino amide imaging agent; and then

coupling a targeting group comprising a {ree amine, thiol,

or iree acid to the amino acid or amino amide 1imaging
agent at the a) protected, activated, or free acid, b)
protected or free amine, or ¢) both a) and b) of the
amino acid or amino acid, to form the targeted 1maging,
agent.

2. The process according to claam 1, wherein the metal
comprises Gd, Eu, Ce, Cu, Tc, Ge, Ho, Tm, In, or Ga.

3. The process according to claim 1, further comprising
exchanging the metal 1n the chelated metal of the targeted
imaging agent with a radioactive metal.

4. The process according to claim 1, wherein the coupling
of the amino acid or amino amide 1maging group to a
targeting agent comprises coupling the free amine, free acid
or thiol of the targeting group through a linker.

5. The process according to claim 1, wherein the protected

amine 1s protected by protecting groups comprising Boc,
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Mtt, Fmoc, Cbz, Alloc, or DMAB and the protected acid 1s
protected by OBn, OMe, OEt, OtBu, OPMB or O-Alloc
protecting groups.

6. The process according to claim 1, wherein the targeting
group comprises a peptide, protein, antibody, nanobody,
aptamer, RNA, DNA, biomarker, small molecule inhibitor,
dendrimer, polymer, or nanoparticle.

7. The process according to claim 1, wherein the amino
acid or amino amide 1maging agent having a chelated metal
or a dye coupled to the amino acid or amino amide com-
prises a compound comprising;:

(D

|
N
A~ R,
B C
o
R, o .
(1D)
|
N
A~ R,
B )\
\.T R,
R» or
(I10)
|
N
A~ R,
C
R4
O

wherein:

A 1s (CH,),, wheremn n 1s 1-10;

B 1s a moiety selected from H, Fmoc, Cbz, Boc, Mtt, or

Alloc;

C 1s a moilety selected from OH, OR., NH,, or an

activating group;

D 1s a dye, or metal-chelate complex, attached directly, or

via a linker;

R, 1s H, CH,, or CH,CH;;

R, 1s H, CH;, or CH,CH;;

R, 1s H, CH,, or CH,CHj;

R, 1s H, CH,, or CH,CH;; and

R. 1s H, CH;, or CH,CHj;.

8. The process according to claim 1, wherein the coupling
of the amino acid or amino amide 1maging agent to the
targeting group comprises coupling the protected or free
acid or the protected or free amine of the amino acid or
amino amide through the free amine, thiol, or free acid of the
targeting group.

9. The process according to claim 1, wherein the amino
acid 1maging agent comprises a protected, activated, or free
acid, and a protected or free amine.

10. The process according to claim 1, wherein the amino
amide 1maging agent comprises an amide and a protected or
free amine.

11. The process according to claim 1, wherein the chelated
metal comprises an exchangeable metal.
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12. The process according to claim 1, wherein the target-
ing group 1s capable of binding to diseased cells.

13. The process according to claim 1, further comprising
purifying the amino acid or amino amide 1maging group
prior to coupling with the targeting agent.

14. A process for synthesizing a multiple amino acid or
amino amide targeted 1maging agent comprising:

providing an amino acid or amino amide that does not
comprise a protected side chain and that comprises a)
a protected, activated, or free acid, b) a protected or free
amine, or ¢) both a) and b);

attaching a chelated metal or coupling a dye to the
unprotected side chain of the amino acid or amino
amide - prior to coupling to another amino acid, pep-
tide, or targeting group - to form a first modular amino
acid or amino amide 1maging agent; and then

providing for coupling that first modular amino acid
having an amine, an acid, and a side chain containing
an 1maging agent comprising a first chelated metal or a
first dye, or a first modular amino amide having an
amine, an amide, and a side chain containing an 1mag-
ing agent comprising a first chelated metal or a first
dye;

coupling the amine of the first modular amino acid or the
amine of the first modular amino amide to an acid of a
second modular amino acid having an amine, an acid,
and a side chain containing an 1imaging agent compris-
ing a second chelated metal or a second dye; or
coupling the acid of the first modular amino acid to an
amine of the second modular amino acid or the amine
of a second modular amino amide having an amine, an
amide, and a side chain containing an 1imaging agent
comprising a second chelated metal or a second dye to
provide a multiple amino acid or amino amide imaging
agent 1 a peptide chain comprising a protected or free
acid or a protected or free amine; and then

coupling a targeting group comprising a {ree amine, thiol,
or Iree acid to the amino acid or amino amide 1imaging
agent at the a) protected, activated, or iree acid, b)
protected or free amine, or ¢) both a) and b) of the
amino acid or amino acid, to form a multiple amino
acid or amino amide targeted 1maging agent.

15. The process according to claim 14, wherein the
multiple amino acid or amino amide 1imaging agent com-
prises a compound comprising;:

(IV)

I‘)
N

R O A~ R,

N C

B~ N
RIN, A R, O
If
B or
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-continued
(V)
I
N
R O A~ R,
N )\
B~ T Ra
RI’ Al R,
™~ T S
D.’

wherein:

A and A' are independently (CH,) , wherein n 1s 1-10;

B 1s a moiety selected from H, Fmoc, Cbz, Boc, Mtt, or
Alloc;

C 1s a moilety selected from OH, OR., NH,, or an
activating group;

D and D' are each independently a dye, or metal-chelate
complex, attached directly, or via a linker;

R, and R, are independently H, CH,, or CH,CH;;

R, and R,” are independently H, CH,, or CH,CH,,

R, 1s H, CH;, or CH,CH;;

R, 1s H, CH;, or CH,CH;; and

R. 1s H, CH;, or CH,CH;

16. The process according to claam 14, wherein the

multiple amino acid or amino amide 1maging agent com-
prises a compound comprising;:

(VD)

| |
R1" N\A" R>* O N N\"RI
N ) N -
R2" " -‘?—N A R, 0
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-continued
(VII)
| |
N N
R17T AT R2* O A~ R,
B N )\
SN I‘w R,
R2" O A* R,
R1*—N"
D-’*I‘-‘
wherein:

| ],, represents a polypeptide chain ot variable length;

A, A" and A* are each independently (CH,) ., wherein n
1s 1-10, and A* 1s a variable designation;

B 1s a moiety selected from H, Fmoc, Cbhz, Boc, Mtt, or
Alloc;:

C 1s a moiety selected from OH, OR., NH,, or an
activating group; D, D" and D* are each independently

a dye, or metal-chelate complex, attached directly, or
via a linker, and D* 1s a variable designation;

R,, R,” and R,;* are each independently H, CH,, or
CH,CH;; and R, * 1s a vanable designation;

R,, R," and R,* are each independently H, CH,, or
CH,CH;; and R,* 1s a vanable designation;

R, 1s H, CH,, or CH,CH,;
R, 1s H, CH,, or CH,CH,; and
R 1s H, CH;, or CH,CHj;.

17. The process according to claim 14, wherein the first

chelated metal 1s different than the second chelated metal.

18. The process according to claim 14, wherein the first

40 dye 1s different than the second dye.

¥ ¥ # ¥ ¥
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